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ANNOTATION 


MINERS AND MANNEQUINS 


More than two hundred methods have been described for treating fractures of the 
clavicle and no less than twenty-eight operations have been advocated for acromio-clavicular 
dislocation. Yet both these injuries share one thing in common—they will yield consistently 
good functional results with nothing more complicated than rest in a sling followed by 
exercises. Why then have they been the target of so much surgical virtuosity ? 

Perhaps the answer is to be sought in the fact that they succeed without keeping to 
the rules, for has it not been laid down as a sacred principle in the treatment of fractures 
that reduction and immobilisation must be complete and continuous until there is bony 
union? The fact that the fractured clavicle cannot really be immobilised (except perhaps 
by a shoulder spica incorporating the head) has not prevented generations of surgeons from 
paving lip service to the principle by complicated methods of strapping or bandaging that 
fix practically everything except the clavicle. In children and young adults this usually does 
no harm but in the elderly it can be disastrous. 

The problem of maintaining reduction is equally provocative of half-measures. All that 
is necessary is to support the elbow and brace the shoulders, but no method of splinting, 
strapping or bandaging can keep the shoulders continuously and effectively braced without 
being intolerable to the patient or, worse still, causing pressure on axillary nerves and vessels. 
The usual compromise is that the patient attends daily to have his splint, strapping or 
bandaging adjusted, thereby maintaining a reasonable degree of reduction for about a couple 
of hours a day (Sundays excepted). Such daily pilgrimages are indeed essential if ischaemia, 
paralysis and pressure sores are to be avoided, for the margin between safety and complete 
uselessness is very narrow. 

The truth is, of course, that there are no rigid principles sacred to the treatment of al/ 
fractures. Some demand the most meticulous and sustained immobilisation, others unite 
with the most casual fixation, or with none at all. In some situations residual deformity 
inevitably leads to loss of function, in others its only effect is on the cosmetic result. In the 
case of the clavicle, union occurs without rigid fixation and deformity does not affect function. 
So it all depends on whether the patient is a miner or a mannequin. The miner is interested 
only in function; so the best treatment for him is a simple sling with shoulder bracing 
exercises—and no additional half-measures as a gesture to tradition. The mannequin is 
interested in form as well as function; so for her half-measures are inadequate and nothing 
short of a shoulder spica with the elbow well up and well back will maintain reduction and 
guarantee a good cosmetic result. 

The same considerations apply no less to acromio-clavicular dislocations, the treatment 
of which is discussed in two stimulating and provocative papers in this issue of the Journal. 
Both authors agree that in at least half the cases the dislocation cannot be reduced by closed 
methods because of interposed soft tissue. Even if it can be reduced it cannot be held, so 
conservative treatment inevitably results in persistent dislocation. However, provided the 
conservative treatment has not been too drastic in its attempts to achieve the unattainable, 
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persistent dislocation is compatible with perfect function. Kennedy and Cameron quote two 
colleagues with unreduced dislocations who keep them constantly reminded of this, but from 
a review of the literature they estimate that after conservative treatment about 20 per cent 
of the results are unsatisfactory. However, in their own series, treated by an elaboration of 
the Bosworth lag screw technique, they admit 30 per cent of unsatisfactory results. This 
they explain by saying that most of the poor results were in patients over fifty, who should 
therefore be excluded from operation. But so, of course, are most of the poor results of 
conservative treatment, the advocates of which cannot very well retaliate by excluding this 
group of cases. It follows that in any comparison of results due allowance must be made 
for selection of material. 

Horn finds that in manual workers persistent dislocation causes some weakness in 
shovelling and heavy lifting and attributes this to the muscle injury, of which he gives an 
excellent description. His operation is essentially a soft-tissue repair, the reduction of the 
dislocation being incidental to this. He condemns all operations, including Bosworth’s, which 
fix the clavicle to the scapula, basing his objections on Inman’s observation that the clavicle 
rotates on its long axis during the upper range of abduction, and assuming that this occurs 
in part at the acromio-clavicular joint. Kennedy and Cameron, on the other hand, show that 
complete fixation of this joint is compatible with full abduction and prove that the clavicle 
and scapula rotate as one unit. They regard this ‘‘ synchronous rotation "’ as a compensatory 
mechanism after fixation and assume that inability to develop it is the cause of poor results 
in older patients. This part of the argument is difficult to follow, for from their own 


experiments it appears that “‘ synchronous rotation "’ is the mechanism in the normal subject, 


the rotation presumably occurring wholly at the sterno-clavicular joint. Finally, both papers 
record post-operative ossification of the torn coraco-clavicular ligaments, but, whereas to 
Kennedy and Cameron this is not only a “ consummation devoutly to be wished” but one 
positively to be contrived, to Horn it is a disaster of the first magnitude. 

So the issue still remains open and those surgeons who have no cause to be gloomy about 
the results of conservative treatment, even in working men, will no doubt continue in their 
conservatism while the protagonists of the various operations continue to destroy each other. 
As in the case of the fractured clavicle, it is the mannequin rather than the miner who poses 
the real problem. The miner has no difficulty in regaining full function after two or three 
weeks in a sling, and if the lump worries him the simplest and most satisfactory operation is 
excision of the outer end of the clavicle as advocated by Gurd, Mumford and Urist. Indeed, 
this simple procedure has much to commend it. It allows suture of the rent in the muscles, 
it does not interfere with clavicular rotation, it gives a good cosmetic result and it is as good 
in the “ over fifties ’’ as in the younger patients. The mannequin, it seems, can only have a 
good profile if she has a scar as well; so the operation of choice is obviously the one that 
leaves a small and inconspicuous scar. Of the thirty operations now available there must be 
one or two that fulfil this consideration. E. A. NicoL. 
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THE EVOLUTION OF LATERAL RHACHOTOMY* 


NORMAN CAPENER, EXETER and PLYMOUTH, ENGLAND 


In 1779, at the end of his classical description of paraplegia, Pott wrote: ‘‘ The remedy 
for this most dreadful disease consists merely in procuring a large discharge of matter, by 
suppuration from underneath the membrana adiposa on each side of the curvature, and in 
maintaining such discharge until the patient shall have perfectly recovered the use of his 
legs."’ Thus in giving the original description of the disease Pott also laid the foundation of 


its surgical treatment. 

The removal of the mechanical features causing or accentuating paraplegia in patients 
with spinal tuberculosis is based upon sound principles which, as in the modern advances of 
surgery for tuberculosis in other systems of the body, have become more safely applicable by 
improved anaesthesia, improved transfusion services and, particularly, the help of antibiotic 
drugs. Indeed, the efficient application of these drugs may necessitate surgical treatment in 
order to open up avascular tissue to the blood stream, to remove necrotic material and to 
evacuate abscesses. Thus there is becoming a closer approach in method between the therapy 


of tuberculosis and of osteomyelitis. 

The operation that I have called Jateral rhachotomy is merely a further stage in surgery 
based upon Ménard’s (1900) costo-transversectomy. To the development of this I can only 
claim a very modest contribution, the essence of which is the direct removal, from the anterior 
wall of the spinal canal, of the features causing cord compression. The title is worth retaining, 
for the procedure is suitable for other purposes than antero-lateral decompression of the ee 


spinal canal, as will be discussed later. 


THE FIRST OPERATION OF LATERAL RHACHOTOMY 


In 1933 circumstances made necessary the transfer from London to Plymouth of a 
patient with Pott’s paraplegia of late onset. Mr H. J. Seddon, under whose care the patient 
had been, suggested to me that some method might be devised of relieving, by direct surgical 
approach, the anterior bony angulation which was compressing the spinal cord in the thoraco- 
lumbar region. The details of the procedure which I followed were quoted by Seddon (1935) 
in his essay on Pott’s paraplegia, as follows: “ A curved incision was made to the right of 
the kyphos and a skin-flap turned medially. At the apex of the kyphos the right sacrospinalis 
was divided transversely and retracted upwards and downwards. The laminae and transverse 
processes of three or four vertebrae were stripped subperiosteally on the right side only. 
The two central transverse processes were then excised together with the lateral portions of 
the laminae almost to the roots of the spinous processes and the corresponding pedicles 
resected. The intervening nerve-trunk, which appeared to be the first lumbar, was divided 
about three-quarters of an inch from the theca and used as a means of rotating the theca 
backwards. On account of the deformity, the bodies of the vertebrae came well into view 
and the region of the posterior and right lateral surfaces of the vertebral bodies were readily 
explored. Absolutely no evidence of active tuberculous disease was found. At the apex of 
the deformity, the intervertebral spaces could be recognised but were apparently completely 
ossified. There seemed no doubt that the lesion was quite healed. After the cord had been 
rotated and the extradural stripping of the posterior surface of the bodies carried inwards 
anterior to the cord, a definite bony spur was encountered. During the stripping of this spur 


* Based upon remarks made in a discussion at the Spring Meeting, 1953, of the British Orthopaedic 
\ssociation and upon a lecture delivered at the Nuffield Orthopaedic Centre, Oxford, on November 26, 1953. 
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sharp spasms of the legs were produced. The spur appeared to be projecting from the posterior 
inferior edge of a vertebral body slightly cephalic to the actual apex of the kyphos. This spur 
was cut away with a chisel, the muscles were drawn together, and the wound closed.”’ 


LATER EVOLUTION OF THE TECHNIQUE 


After this first operation, no further cases suitable for it appeared for several years. 


Orthopaedic surgeons at that time were inclined to be highly conservative in the approach 


ae” 
on 


fa 


Lateral rhachotomy. Relation of incision to the spine. Inset 
Position of patient. 


The skin flap is retracted medially and the trapezius laterally. The 
lateral portions of erector spinae are divided transversely. 


to spinal tuberculosis, and in the part of the country in which I was working the incidence 
of paraplegia in Pott’s disease seemed small. For example, at a meeting of the British 
Orthopaedic Association at Exeter in 1947, a series of 350 cases of spinal tuberculosis seen 
between 1931 and 1946 was reported, in which there were only fifteen cases of paraplegia. 
By the end of 1946 six cases had been dealt with by lateral rhachotomy. In the first case 
(already mentioned), in which the deformity was in the thoraco-lumbar segment of the spine, 
removal of ribs had not been necessary. In the succeeding cases, where the cause of paraplegia 
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was in the mid-thoracic region, the following were the details of the procedure. A curved 
incision was made to the right of the vertebral column, extending three vertebrae above and 
below the lesion, the apex of the curve being about three inches from the spine. The incision 
was continued down to the deep fascia and the whole flap retracted medially to the spinous 
processes. The trapezius muscle was incised at its origin and retracted laterally. The 
ilio-costalis and other muscles of the lateral group of spinal muscles were divided transversely 
at the level of the rib leading to the affected intervertebral space. These muscles were then 


The deeper parts after excision of rib portion, transverse process and 
pedicle. The divided intercostal nerve is an essential guide to the 
spinal canal. (Nerve and theca—vellow ; bone—orange ; abscess—green ; 
pleura—purple.) 


we, 


Fic. 4 
Diagrammatic transverse section. On the side of operation the lateral 
portions of erector spinae have been divided and retracted upwards 
and downwards and so are not shown. Colours as in Figure 3. A 
large sequestrum is indicated in black projecting into spinal canal 


retracted upwards and downwards and the rib concerned was stripped subperiosteally from 
about its angle to the transverse process and this section removed. If more room was wanted 
the rib above or below was dealt with in the same way. The elevator costae muscles will have 
been excised. The intercostal vessels and nerve were found by opening up the intercostal 
space. The nerve was separated from the vessels and divided, its proximal portion being 
used as a guide in the further dissection. At a later stage it was also used for gentle rotation 
of the theca. The pleura was exposed and depressed inwards with the intercostal vessels. 
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The proximal end of the rib was then nibbled away and its head removed. The transverse 
process was similarly removed and also the pedicle of one or both vertebrae. At this stage, 
by forward depression of the pleura and intercostal vessels and backward retraction upon 
the intercostal nerve, a good view could be gained of the lateral aspect of the meninges as 
well as of the postero-lateral edge of the vertebral bodies. One could then curette fairly 
extensively the site of the tuberculous lesion and see the cause of the paraplegia. Caseous 
material, degenerated intervertebral disc, bony sequestrum, whatever it was could be removed. 
If the paravertebral abscess was opened, one evacuated it with a sucker, but after this the 
wound was closed in layers. The steps of this operation are shown diagrammatically in the 
illustrations (Figs. 1 to 4). 

When the cause of paraplegia is a sharp projecting angle of a vertebral body, as in the 
first case, one should emphasise the need to excise widely a lamina so as to provide easier 
access with less risk of damage to the cord. In all cases, at a later date, posterior spinal fusion 
operations have been performed by the usual methods. 

The operation has now (November 1953) been done twenty-one times as follows: Pott’s 
paraplegia (thirteen patients) 14; non-paraplegic cases of tuberculosis 3; biopsy of vertebral 
tumour |; fracture-dislocation of spine with paraplegia (one case) 2; paraplegia in vertebral 
osteomyelitis I. 


THE ANTERIOR DECOMPRESSION OPERATION OF ALEXANDER 


In 1946 Alexander described a procedure which Professor Norman Dott and he had 
developed in Edinburgh. The details of their anterior decompression were strikingly like those 
in the operation which I have described. Alexander’s procedure involved the resection of 
three or more ribs, and after excision of transverse processes and the heads of the ribs, the 
intercostal nerves were followed to the pedicles and the theca, the compressing agent was 
removed, and abscesses, when found, were evacuated. The only real difference between this 
and my procedure is that I have not found it necessary to remove more than two ribs and to 
follow more than one intercostal nerve into the spinal canal. 

From the neurosurgical viewpoint the operation seems to be based upon transthoracic 
sympathectomy. In 1946, when the present writer was visiting the United States, this idea 
was confirmed by Dr E. Kahn at the University of Michigan, Ann Arbor, who remarked that, 
in its earlier steps, the operation was precisely that which was originated by Max Minor Peet 
in 1933 and published by him in 1935 for supradiaphragmatic splanchnicectomy. In this the 
eleventh rib is sectioned and the last three thoracic ganglia are excised. Having worked in 
Ann Arbor until 1931, the present writer might be thought to have acquired the idea from 
the same source, but he must plead innocent to such plagiarism. In 1948 I gave a review of 
my earlier work to the late G. R. Girdlestone who was preparing a report which was published 
in 1950. Comparing lateral rhachotomy and costo-transversectomy I stated: “ The 
fundamental difference between one’s object in this operation and in the classical costo- 
transversectomy is that in the latter one aims at opening the paravertebral abscess and in 
the former one tries to avoid it. The principle of costo-transversectomy has been, so to speak, 
to decompress the vertebral lesion, whereas in lateral rhachotomy one’s purpose is to deal 
directly with the actual cause of the cord compression.”’ 

Girdlestone’s comment is of interest: “* It is clear, when one compares Capener’s operation 
with that described by Alexander, that Capener prefers to keep away from the paravertebral 
abscess and therefore undertakes a partial hemilaminectomy, while Alexander prefers to open 
the paravertebral abscess where there is one, and to evacuate it thoroughly as an important 
part of the decompression. Capener’s communication suggests that he fears that the opening 


of the abscess may lead to discharge, secondary pyogenic infection, and prolonged suppuration. 


In the writer’s experience complete evacuation of a paravertebral abscess is most desirable, 
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and, if good general treatment and immobilisation have been established, any subsequent 
discharge of tuberculous débris that may occur is unlikely to continue for more than a few 
days, and furthermore, secondary infection can be avoided by scrupulous care.”’ 

In 1948 one was concerned to emphasise, admittedly somewhat imperfectly, that 
paravertebral abscesses which it was the purpose of costo-transversectomy to evacuate were 
not necessarily the cause of paraplegia, and that in lateral rhachotomy one’s aim was to 
remove the actual compressive agent—namely bony or cartilaginous sequestrum or other 
necrotic material. Other than this, it was true that before 1948 one avoided as far as possible 
circumstances likely to lead to sinus formation and the risk of secondary infection, prolonged 
suppuration, and amyloid disease. More and more one has, however, come to agree with 
Girdlestone (and with Calvé and others) that one of the problems in treating tuberculous 
disease of the spine is the evacuation of abscesses; nevertheless, more than this may be 
required in the relief of paraplegia. 

Pott’s paraplegia most commonly results from disease in the thoracic region, and it 
seems clear that this is related to the more malign nature of the disease in this part of the 
spine, one of the peculiar features of which is the associated pneumo-dynamic effects within 
the thorax. The pumping action of respiration upon the paravertebral abscess (which is so 
apparent when an abscess is opened in the course of lateral rhachotomy) possibly plays some 
part in aggravating the process of avascularity which is such a common feature of spinal 
tuberculosis. Such avascularity is insufficiently recognised and, quite apart from its relation 
to the subject of paraplegia, its consideration is of significance in supporting Wilkinson (1950) 
in his advocacy of lateral rhachotomy for non-paraplegic cases of spinal tuberculosis not 
responding adequately to more conservative procedures. 


ORIGINAL DESCRIPTION OF COSTO-TRANSVERSECTOMY 


At the beginning of this paper reference was made to Ménard and it is important to 
return to this writer now. Previously one’s knowledge has been second-hand through the 
English literature upon tuberculosis. A recent reading of the original monograph published 
in 1900 shows how little we have really added to his ideas. Seddon has paid tribute to the 
work of Madame Sorrel-Dejerine. On the surgical side we should do the same for Ménard. 
It is clear that all aspects of bone and joint tuberculosis were very thoroughly studied by 
the great French pioneers at Berk-sur-Mer. The following is a free translation of Ménard’s 
description of costo-transversectomy. It follows an account of his lack of success with 
laminectomy. 

‘ By comparison, exposure of the tuberculous focus is recommended and is in line with 
the older writers who found that Pott’s paraplegia tended to resolve spontaneously when 
abscesses ruptured upon the surface.’’ It was for this reason that he was led to develop 
“ drainage latéral.”’ “‘ A transverse incision five to seven centimetres long is made over the rib 
which seems to correspond to the apex of the kyphos. The external surface of this rib is 
stripped subperiosteally with a rugine, and is sectioned four centimetres from the tip of the 
transverse process and again divided at the latter point and the portion removed. The 
transverse process is removed, exposing more clearly the proximal end of the rib, which is 
then avulsed, a large curette being used to aid removal of the costal head. In most cases one 
thus also opens into the tuberculous focus; the neighbouring portion of the vertebral bodies 
having been destroyed. If this focus has not been entered, it can be found by gently passing 
a cannulated sound through the periosteal tunnel of the rib into the intervertebral space 
(Fig. 5). It only remains to enlarge the opening with the tip of the finger. If one has not 
been successful one may have to deal similarly with the rib above or below. The contents of 
the lesion are variable in quantity and density. It matters little how much has been obtained, 
the main thing is that the abscess has been decompressed (‘ la collection étant détendue par 
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l’ouverture '). The operation is completed by lavage and drainage. Often small sequestra 
are removed by the curette.”’ 
Ménard added: ‘ The finger introduced into the intervertebral space enables one to 


appreciate the influence of respiration upon the vertebral bodies. They come together and 


squeeze the digit in expiration and they open up and so release the digit in inspiration. This 
has made me believe that respiratory movements play a role in the progress of ulceration in 
the upper thoracic region, even in recumbent patients.” 


After Ménard, ‘‘ Drainage Latéral.”’ 


Ménard stated in conclusion that, in spite of the proportion of success obtained and the 
small risk of the actual operation, he did not feel able to carry out the procedure without 
reserve. Earlier operation would, he thought, give more constant results but he was hesitant 
to proceed actively in view of the many cases which showed spontaneous recovery. 

That, heretofore, has been precisely why many of us also have hesitated to proceed 
surgically. Our operative results would undoubtedly have been better had we been less 
conservative. In spite of this we must, in Pott’s paraplegia, maintain a judicious conservatism. 


INDICATIONS FOR LATERAL RHACHOTOMY 


The clearest indications for lateral rhachotomy are in those cases in which the onset of 
paraplegia is late and is due to bony spurs projecting into the spinal canal, and in those cases, 
earlier in onset, in which there is radiological evidence of pressure by sequestra. Cases of 
paraplegia of quick onset which do not show early signs of spontaneous recovery under 
conservative treatment should not be left too long without exploration. The cases which, to 
the writer, appear to have the worst prognosis are those with severe kyphos, in which the 
paraplegia is of late onset and in which there is a large abscess, the walls of which are partly 
calcified and which therefore will not collapse after decompression. 

The later development of lateral rhachotomy has been its application to non-paraplegic 
cases by Wilkinson who in 1950 reported upon this at the Royal Society of Medicine. Strictly 
speaking, his procedure has been a return to costo-transversectomy for cases in which the 
response to conservative treatment has been unsatisfactory. He noted the marked improvement 
in the patient's general condition when such lesions were curetted and conservative treatment 
continued as before. In my series there are two adult patients of this type whose response 
has been quite dramatic. Though I have no grounds for saying so at present, this approach 
to tuberculous spinal lesions seems to me likely to have a special application to that most 
malign lesion, namely, tuberculous disease in the lower thoracic region in childhood: there is 
one such case in my series. Hitherto all of us have been appalled by the extremely bad 
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prognosis which such cases show. The uncontrollable development of deformity is always 
distressing. It has been the notable difference in prognosis between lesions in this area and 
those of the cervical or lumbar spine which has emphasised the physiological differences of 
the thoracic segment in relation to respiration. 


CONCLUSIONS 

It is clear that in lateral rhachotomy we have a procedure which is appropriate for 
approach to the vertebral bodies in a variety of pathological processes including, besides the 
relief of Pott’s paraplegia, the treatment of non-paraplegic tuberculosis, the exploration of 
spinal tumours, the relief of certain types of traumatic paraplegia and the drainage of 
suppurative osteitis of the vertebral bodies. For tuberculous disease we find in lateral 
rhachotomy a technical procedure which provides a meeting point for the solution of several 
ideas. These are the evacuation of tuberculous abscesses as enunciated by Pott and developed 
by Ménard, the revascularisation of avascular areas, the removal of necrotic material and 
the direct removal of the features causing spinal cord compression. It is to the latter only 
that I think I have made a small contribution. For all other purposes, between lateral 
rhachotomy and the classical costo-transversectomy, the differences if any are extremely 
small. The fact remains that the direct surgical approach to lesions of the vertebral bodies 


has a wide scope of usefulness. 
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NUCLEAR HERNIATIONS OF THE INTERVERTEBRAL DISC 
Their Radiological Manifestations and Significance 


A. C. BEGG, DUNEDIN, NEW ZEALAND 
From the Department of Diagnostic Radiology, Dunedin Hospital and Otago Medical School 


“ And so, from hour to hour, we ripe and ripe, 
And then from hour to hour, we rot and rot.” 
Shakespeare 


There is perhaps no structure in the body that reflects the ageing process so early, so 
often, or to such a marked degree as does the intervertebral disc of the spine. This premature 
senescence, often advanced by the end of the third decade, together with the tremendous 
forces which bear upon the intervertebral disc, often causes the nucleus pulposus to herniate 
through its confining structures—the annulus fibrosus circumferentially and the cartilage 


Fic. 1 


Figure 1—Diagram showing the different directions taken by herniations of the nucleus 


pulposus. Figure 2—Section of lumbar spine showing typical mushroom-shaped nuclear 


herniation into the centrum. 


plates above and below (Fig. 1). These different types of nuclear herniation result in a different 
clinical and radiological picture and often lead to difficulty in diagnosis. Radiology offers 
the best, and sometimes the only, method of examining these lesions during life. 

It is the purpose of this communication to indicate briefly the significance of the radiological 
appearances resulting from extrusions of nuclear tissue from the degenerating intervertebral 
disc. 

HERNIATION OF THE NUCLEUS PULPOSUS INTO THE SPONGIOSA 
OF THE VERTEBRAL BODY 


A frequent finding at autopsy is a cartilaginous nodule lying in the spongiosa of the 
vertebral body just behind its centre, and arising by a narrow pedicle from the nucleus 
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pulposus which has passed through a tear in the thinnest part of the cartilage plate (Fig. 2). 
These mushroom-shaped extrusions of nuclear tissue, or Schmorl’s nodes, are not detected 
radiologically until a thin layer of compact bone has been laid down around them (Fig. 3). 


Fic. 3 
Lateral radiograph of lower lumbar spine in man aged thirty-six 
vears, showing thin layer of cortical bone round central nuclear 
herniation. 


Fic. 4 Fic. 5 
Figure 4—Lateral radiograph of lumbar spine in man aged thirty years, showing eccentric 
intraspongy nuclear herniations. Figure 5—Lateral tomograph of lumbar spine in man aged 
sixty-seven years, showing large herniations of the nucleus pulposus into the centrum of L.4. 


This important feature distinguishes them from inflammatory and neoplastic disease of the 
centrum. They occur chiefly in the thoracic and lumbar spine. They may burrow into more 
peripheral parts of the centrum (Fig. 4), and may be of considerable size (Fig. 5). 
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Figure 6—Lateral radiograph of the upper lumbar spine of man aged thirty-three 
vears, showing evidence of healed osteochondritis with accompanying nuclear 


herniations into the centra. Figure 7—Lateral tomograph of thoracic spine of 


man aged twenty-seven years, showing central nuclear herniations with evidence 
of healed osteochondritis involving T.8. 


Fic. 8 
Lateral radiograph of the thoracic spine of man aged twenty-five years, 
showing typical healed Scheuermann’s disease in T.9, with nuclear 
herniations into different parts of the vertebral body. 
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Fic. 9 Fic. 10 
Figure 9—Lateral radiograph of thoracic spine of man aged thirty years, showing nuclear 
herniations into the inferior portion of the centrum of T.7. Figure 10—Four years later 
the herniations were shown increased in size. A further herniation has developed into the 
upper portion of the vertebral body, which has collapsed. 


Fic. 11 Fic. 12 


Figure 11—Lateral radiograph of lower thoracic spine in man aged thirty-five years, showing calcified 

nuclear tissue extruding along radial cracks in the degenerated discs. Figure 12—Lateral radiograph of 

lumbar spine in man aged sixty-five years, demonstrating the cracks in the degenerated intervertebral 
disc by means of gas—the ‘“‘ vacuum phenomenon.” 
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In adolescents, Schmorl’s nodes are frequently seen in the lower thoracic and upper 
lumbar spine. They are probably caused by a congenital weakness of the cartilage plate 
at the site of the notochordal canal, or by scarring of the degenerated blood vessels which 
supply the juvenile disc. As a result of the loss of nuclear tissue, the function of the disc is 
impaired, and stresses are no longer distributed evenly over the opposing vertebral surfaces. 
Pressure is greatest over the anterior aspect of the developing epiphysial ring—its posterior 
surface is protected by the articular joints—which retards its development and leads to the 
typical kyphos of adolescent kyphosis or Scheuermann’s disease. The characteristic 
radiological picture with the wedge-shaped vertebral bodies is familiar both in the lower 
thoracic spine and upper lumbar spine (Fig. 6). Nuclear herniations may be seen in all these 
cases, although tomography may be required to demonstrate them. Sometimes they occur 
centrally (Fig. 7); sometimes the herniation takes place adjacent to the developing epiphysial 
ring (Fig. 8). 

In later life these herniations are the result of degenerative changes; only a proportion 
of them are visible radiologically and many do not appear to cause symptoms. Sometimes, 
however, symptoms appear to arise directly as a result of these nuclear herniations, as in 
the following case. 

A man, aged thirty years, complained of periodic episodes of pain radiating around the 
thorax, just below the level of the nipple. This was accompanied by stiffness and, latterly, 
by a curvature of the spine. Twice during three years he was investigated for a large tumour 
in his right lower chest, which proved to be a mass of liver tissue, and during this time nuclear 
herniations into the body of the seventh thoracic vertebra were seen to extend and the 
vertebra to collapse (Figs. 9 and 10). Symptoms were relieved by a spinal brace. 


HERNIATION OF THE NUCLEUS PULPOSUS THROUGH THE ANTERIOR PART 
OF THE ANNULUS 


As degeneration proceeds, nuclear material may extrude along the radial cracks which 


develop in the disc. Its track may be followed radiologically if it calcifies (Fig. 11), or the 


site of the annular tears may be demonstrated 
by the “ vacuum phenomenon ”’ (Fig. 12). It is 
presumed that under the influence of longitudinal 
strains tending to separate the adjacent vertebral 
bodies as in hyperextension of the spine, the 
gases in solution in the degenerated disc tissue 
are liberated and may be demonstrated lying 
within the disorganised disc. When the tension is 
removed, the gas disappears. As the nuclear 
tissue passes forwards it may broach the anterior 
fibres of the annulus to impinge upon the tough 
anterior longitudinal ligament which usually 
deflects it to cause an erosion of the anterior 
border of the centrum (Fig. 13). Coventry, 
Ghormley and Kernohan (1945) described the 
pathological appearances of such an anterior 
nuclear herniation which Batts (1939) found in 6 
per cent of the fifty spinal columns he examined. 
These lesions may cause pain in the back and 

Fic. 13 may easily be mistaken for inflammatory or 

Lateral radiograph of the lumbar spine in man tuberculous disease. 

aged twenty-eight years, showing erosion of the Such anterior protrusions reach their greatest 


antero-superior margin of L.4 vertebral body by : i h 
anterior nuclear herniation. size in some types of dyschondroplasia where 
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Fic. 14 
Figure 14—Lateral radiograph of thoracic and lumbar spine in boy aged six years with chondrodystrophy 
(Hurler type), showing typical abnormality of L.1 centrum. Figure 15—Sagittal section of spine at thoraco- 
lumbar junction, showing that the abnormality is due to an anterior herniation of the nucleus pulposus 


they cause a characteristic erosion of the centrum (Fig. 14). The forward extrusion of 
nuclear tissue is well seen in this patient—a boy who died at the age of six years suffering 
from chondro-osteodystrophy of the Hurler type (Fig. 15). 

Sometimes the degenerating disc tissue gradually spreads radially, pushing the 
thinned fibres of the annulus fibrosus before it (Fig. 16) and, as osteophytes grow in 
response to the additional periosteal stimulation of the unnaturally mobile vertebral 
bodies, the well known radiological appearances seen in Figure 17 are produced. 


HERNIATION OF THE NUCLEUS PULPOSUS 
BENEATH THE EPIPHYSIAL RING 


Although these lesions may occur in the 
cervical or thoracic region, they are almost 
invariably confined to the lumbar spine. The sites 
of the nuclear herniation seem to be determined 
by mechanical factors, for they are found in adults 
in the lower lumbar spine (Fig. 18) and in children 
in the upper lumbar spine (Figs. 25 and 26) in those 
parts of the spine which form the zenith of the 
spinal curve on flexion and which are therefore 
subjected to the greatest compressing force. 

The effect of such a nuclear herniation has 
frequently been misinterpreted as a “persistent 
epiphysis." When the nuclear material escapes Fic. 16 
from the disc and passes through the thin cartilage Lateral radiograph of upper lumbar spine ot 
plate at its junction with the epiphysial ring, the — ™an aged sixty years, showing radial spread 


of disc tissue outlined by the vacuum 
volume of the disc decreases and its function phenomenon.” 
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Fic. 17 
Lumbar spine of man aged thirty-two years, showing the development of osteophytes around degenerative 
disc tissue. The time interval between the two radiographs is five years. 


Fic. 18 Fic. 19 


Figure 18—Diagram showing sites of persistent epiphysis in ten consecutive cases. Figure 19 
radiograph of lumbar spine in man aged twenty-seven years, showing anterior herniation of the nucleus 
pulposus into the centrum of L.4.and L.5 with the development of a“ persistent epiphysis "’ at L.4 only. 


Lateral 
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Fic. 
spine in woman aged twenty-three vears, showing 
Lateral radiograph of lumbar 


20 
Figure 21 


FIG. 
Lateral radiograph of the lumbar 
crescentic fragments separated from L.3 and L.4. 
spine in man aged thirty-one years, showing separation of the inferior as well as the superior 


Figure 20 
margins of the centrum. 


Fic. 23 


Fic. 22 
Figure 22— Radiograph of lumbar spine in girl of twelve vears, showing separation of the posterior portion 
of the epiphysial ring, which projects into the neural canal. Figure 23—Superior surface of lumbar vertebra, 
showing that the epiphysial ring completely encircles the centrum. Note site of typical Schmorl’s node. 
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is impaired, so that the stress on the anterior vertebral margins during flexion of the 
spine is increased. As the anterior part of the centrum is firmly fixed to the strong 
anterior longitudinal ligament and to the annulus, a crescentic piece of the vertebral 
body separates along the line of the nuclear herniation as a_ result of compressing 
strains (Fig. 19). The segiaent detached is almost 
invariably found lying within the limits of the 
anterior longitudinal ligament (Fig. 20) but some- 
times it is the inferior margin of the centrum that 
separates (Fig. 21). Occasionally, however, the 
posterior part of the epiphysial ring may be affected 
(Fig. 22), for the epiphysial ring encircles the 
centrum and is not incomplete posteriorly as is 
often stated (Bradford and = Spurling 1945, 
Armstrong 1952) (Fig. 23). These lesions therefore 
should be regarded more properly as pathological 
fractures of the centrum, and indeed sometimes a 
considerable proliferation of new bone is initiated 
(Fig. 24). 

The symptoms produced are difficult to assess 
because of concomitant degenerative changes in 
the spine. However, there is no doubt that pain, 
backache, stiffness, and deformity of the spine may 
result, as in the following case, which illustrates 
persistent 


‘ 


not only the development of the 
epiphysis,” but also how it may heal, leaving 


merely an anterior nuclear herniation into the 
Fic. 24 spongiosa. 
Lateral radiograph of the lumbar spine in A child aged eleven years complained of a 
man aged forty-one years, showing prolifera- 
tion of new bone at the site of anterior SUdden stabbing pain in the lower thoracic region, 
herniation of the nucleus beneath the radiating to the right renal area and lower abdomen. 
There was no history of injury. The pain recurred 
intermittently for two months, but the symptoms gradually subsided although she 
complained of pain in the back at intervals for the next four years. Serial radiography 
over this period showed the effect of a nuclear herniation beneath the epiphysial ring 
(Figs. 25 and 26). 
These lesions should not be confused with marginal tuberculosis or with the calcification 
which occurs in the necrotic tears so commonly found in the anterior part of the annulus 
fibrosus (Figs. 27 and 28). 


HERNIATION OF THE NUCLEUS PULPOSUS THROUGH THE POSTERIOR SEGMENT 
OF THE ANNULUS 

Posterior protrusion of the intervertebral disc gives rise to a different, though now well 
recognised, clinical picture according to the level of the lesion. It is a result of disc degeneration 
and is most commonly found, therefore, at the junction of a mobile with a fixed part of the 
spine, where these changes most often occur. A normal disc does not prolapse. 

The diagnosis of posterior disc protrusion should be a clinical one, but the site of the 
degeneration and therefore of the protrusion may often be indicated by plain radiography 
(Begg and Falconer 1949). Signs of localising value include narrowing of the disc space, 
hypertrophic or sclerotic changes of the opposing vertebral bodies, local scoliosis, relative 


displacement of the vertebral body, the ‘‘ vacuum phenomenon,” and, indirectly, sacralisation 


of the fifth lumbar vertebra in cases of sciatica. Signs indicating nerve root pressure may 
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also be present. These include an alteration of the normal spinal curve (Figs. 29 and 30) and 
an abnormal pattern of movement (Fig. 31). In spines that appear normal on plain radiography 


Fic. 25 Fic. 26 
Figure 25—Lateral radiograph of lumbar spine in girl aged thirteen years. Note separation of the 
anterior part of the epiphysial ring of L.2, due to herniation of the nucleus beneath it. Figure 26—Four 
years later this separated part has united again with the centrum. 


em. 


Fic. 27 Fic. 28 


Figure 27—Photograph of section of spine showing typical ossification developing in necrotic areas in 
annulus fibrosus. Figure 28—Characteristic radiographic appearance. 

and in those with widespread degeneration, plain radiography offers no help in localising 

the protrusion. Here, however, movement studies are often helpful in indicating the site of 


the lesion (Begg and Falconer 1949). It is important that this procedure should be carried 
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Fic. 29 Fic. 
Figure 29—Lateral radiograph of cervical spine of man aged forty-two years, showing reversal of normal 
curve due to a soft-tissue protrusion at the intervertebral disc between C.5 and C.6. Figure 30—Lateral 
radiograph of the same patient after operative removal of the disc shows a return to the normal curve 


Fic. 31 


Abnormal pattern of movement in the lumbar spine in woman aged forty-three years, 
showing relative restriction at L.5 intervertebral disc, where a protrusion was found at 
operation. 
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out while pain is being experienced, for only then will the significant loss of movement from 
reflex muscle spasm be demonstrated at the level of the protrusion. 

By myelography it is possible to distinguish four different types of herniation— projections, 
intermittent prolapses, extrusions and scarred discs (Begg, Falconer and McGeorge 1946). 
It is of some interest to the surgeon to know beforehand which type of lesion he is likely to 
find at operation and how many protrusions are present. Myelography is a simple and harmless 
procedure which produces this additional information not otherwise available before operation 
in the great majority of cases. It should never be used as a substitute for a clinical diagnosis, 
for sometimes a disc protrusion observed incidentally at myelography causes no symptoms, 
and sometimes it produces symptoms only at intervals (Falconer, McGeorge and Begg 1948). 


Fie. Fic. 33 
Figure 32—Lateral radiograph of man aged fifty-seven vears, showing bullet in the centre of the third 
lumbar intervertebral disc. Figure 33—-Radiograph taken fifteen months later showing how the bullet 
has moved backwards. 


Projection—This is the commonest type of lesion; the degenerated nuclear tissue is gradually 
forced backwards and bulges the thin posterior fibres of the annulus, which remain intact 
over it. The mechanism of this is illustrated by the following case. 

A man aged fifty-seven awoke in the early hours to find that his wife had shot him in 
the back. A lead bullet had lodged in the nucleus pulposus of his third lumbar intervertebral 
disc (Fig. 32). He suffered only a partial injury to the cauda equina and was soon walking 
again. Under the influence of daily activity the bullet moved backwards (Fig. 33). 
Intermittent prolapse The prolapse comes and goes according to the stresses affecting the 
spine. It becomes most marked on extension of the spine as seen at myelography (Figs. 34 
and 35), but often disappears at operation when the patient is relaxed under anaesthesia 
“concealed discs’? (Dandy 1941) have 


and it is easily overlooked by the surgeon. These 
done much to discredit the value of myelography but are, in fact, often more readily 
demonstrated by this method than they are at operation. 
Extrusion—Here the nuclear tissue extrudes from a small hole in the annulus, to form a 
cartilaginous nodule which has often been described as an ecchondroma. It may cause few 
symptoms in the lumbar region, as it is often freely movable, but, like other protrusions in 
the thoracic region, may do serious harm as in the following case in which a fatal transverse 
myelitis resulted. 

A man aged fifty-nine “ ricked ”’ his back while lifting heavy logs on to a lorry. He felt 
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a sudden severe pain in the back and had difficulty in straightening it. He was able to carry 
on his work as a plumber for the next six weeks, but then, on catching an empty kerosene tin 


Fic. 34 Fic. 35 
Myelograms of man aged thirty-six taken with the patient lying prone on the radiographic table (Fig. 34) 
and lying prone with back hyperextended (Fig. 35). Note extrusion backwards of intermittent protrusion 
and projection forwards of the relaxed ligamentum flavum. 


Fic. 36 
Lateral radiograph of thoracic spine and spinal cord, with explanatory diagram, in man aged fifty-nine 
years, showing the effect of herniation of nuclear material from the intervertebral disc between T.9 and 
T.10 into the spinal cord. 


thrown to him by a workmate, felt a “ click’ in his back and developed a gradual paralysis 


of his legs and loss of sphincter control over the next two days. A diagnosis of transverse 
myelitis was made. He died four months later from urinary infection. The real cause of his 


THE JOURNAL OF BONE AND JOINT SURGERY 


— 
a 
| | | 
; 
| 
4 
\ 


INTERVERTEBRAL DISC 193 


NUCLEAR HERNIATIONS OF THE 
symptoms was a herniation of nuclear tissue from the ninth thoracic intervertebral disc, 
which burst through a small perforation in the posterior surface of the annulus, tracked 
caudally and ruptured through the posterior longitudinal ligament and the meninges to 
become embedded in the spinal cord. During his four months in bed the herniated nuclear 
material calcified (Fig. 36). 
Scarred disc—Here the protrusion has been absorbed over the years, but the nerve roots 
remain anchored to the posterior part of the disc, which does not now herniate. In these 
cases, no abnormality may be noted on myelography except, perhaps, evidence of arachnoiditis. 
This, taken in conjunction with findings during plain radiography, indicates the type of lesion. 
It will be seen, therefore, that degeneration of the intervertebral disc with its resultant 
herniation of the nucleus pulposus into the structures that surround it presents many 
different clinical problems and difficulties in diagnosis. An understanding of the significance 
of the radiological manifestations of these lesions and a careful correlation with the clinical 
features of the case are necessary in order to make an accurate diagnosis. 


SUMMARY 
1. As a result of degenerative changes in the intervertebral disc, nuclear tissue often 
herniates through its confining structures. These lesions are common, even in children, and 
often lead to difficulty in diagnosis. 

2. The radiological manifestations of nuclear herniations into the spongiosa of the vertebral 
body, through the anterior part of the annulus fibrosus, beneath the epiphysial ring, and 
through the posterior part of the annulus are described and illustrated. The clinical 
significance of these radiological appearances and their pathological basis is indicated. 

3. An understanding of the significance of the radiological findings in herniation of the 
nucleus pulposus and a careful correlation with the clinical features of the case are necessary 
for accurate diagnosis. 
I am grateful to those medical and surgical colleagues who have referred to me for investigation patients 


under their care, and who have made available to me their clinical records. I am indebted to Professor 
N. W. Nisbet for help and encouragement in the preparation of this paper. 
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THE TRAUMATIC ANATOMY AND TREATMENT OF ACUTE 
ACROMIO-CLAVICULAR DISLOCATION 


J. S. Horn, BIRMINGHAM, ENGLAND 
From the Birmingham Accident Hospital 


It has long been recognised that complete dislocation of the acromio-clavicular joint is 
often followed by persistent pain and disability. An extensive literature testifies to the 
unsatisfactory results of treatment (Bowers 1935, Eikenbary and LeCocq 1933, Girard 1944, 
Haggart 1933, Hamill 1920, Hart 1941, Key and Conwell 1942, Moffat 1925, Riddel 1926, 
Schneider 1933, Vargas 1942). However, with few exceptions, the literature is based on the 
results of operations performed many months after the injury or on the varying results of 
treatment by closed methods. In either case, the essential underlying pathology has remained 
obscure and the methods of treatment advocated have therefore lacked a sound anatomical 
basis. Surgeons who have practised early operation have largely confined their attention to 
the acromio-clavicular joint itself and have limited their objectives to the retention of a 
reduction of the dislocation by means of internal fixation (Bosworth 1941, Bowers 1935, 
Cadenat 1917, Mitchell 1926, Murray 1940, Phemister 1942, Vere-Hodge quoted by Watson- 
Jones 1943). 

For many years we practised conservative treatment of acromio-clavicular dislocation. 
Although the dislocation invariably persisted, a full or nearly full range of movement at the 
shoulder was rapidly restored. The cosmetic defect was not regarded by most male patients 
as important. However, when these patients were followed up, it became clear that 
many of them, including most of those engaged in heavy manual work, continued for an 
indefinite time to complain of pain and weakness of the affected shoulder. 

The symptoms became manifest chiefly during the performance of two activities. Resisted 
forward flexion at the shoulder, as in lifting a loaded shovel, was weak and produced pain 
over the anterior fibres of deltoid. The power of raising or carrying a heavy object held in 
the hand was impaired and the action caused pain over the superior aspect of the shoulder. 
Clinical examination suggested that the symptoms arose from damage to the deltoid and 
trapezius muscles. In order to ascertain the precise nature of the lesion and to work out a 
method of treatment capable of eliminating the residual disability, a policy of surgical 
exploration at the acute phase was instituted. 

Nine patients have been operated on within a few days of injury and the findings have 
been so uniform, so consistently in accord with the clinical picture, and so illuminating in 


regard to the mechanism of the injury, that it is considered worth while to present them. 


TRAUMATIC ANATOMY 

The pattern of the injury, as seen at operation, became apparent as soon as the skin 
incision had been deepened through the deep fascia and the skin edges undermined. As is 
frequently the case in traumatic surgery, the essential dissection had been done by the 
violence of the injury. The most striking feature, present in every case, was the damage 
sustained by the deltoid and trapezius muscles. The deltoid had been avulsed from the 
outer end of the clavicle, leaving it stripped and bare for a distance varying between two 
and five centimetres (Fig. 1). In some cases the fascia overlying the site of avulsion was 
still intact and, until divided, concealed the lesion. The trapezius had been split in the 
direction of its fibres, which are nearly horizontal in this situation, so as to leave a gap between 
the superior segment of the muscle gaining insertion to the clavicle and the segment 
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immediately below gaining insertion to the spine of the scapula and to the acromion (Fig. 
The deep fascia overlying the trapezius was rolled over the free edges of the split. 

The outer extremity of the clavicle, with its covering of articular cartilage, was lying 
free immediately under the skin. The short capsular fibres of the acromio-clavicular joint 


2) 


were completely disrupted, and when an intra-articular meniscus existed it always retained 


Fic. 1 
Traumatic anatomy as seen from the front after reflecting the skin 
flaps. The end of the clavicle is lifted up by a bone hook and the torn 
ends of the coraco-clavicular ligaments are held in the dissecting 
forceps. The avulsed anterior segment of deltoid, A, is seen in the 
lower part of the wound. The lower edge of the split in trapezius, B 
is overlying the acromial facet of the acromio-clavicular joint 


Fic. 2 
Traumatic anatomy as seen from the back. The split in the trapezius 
muscle is marked A. 


an attachment to the acromion; in most cases it had been partly extruded. In four instances 
the lower free edge of the split trapezius had fallen across the acromial aspect of the acromio- 
clavicular joint and made closed manipulative reduction quite impossible. In one case, in 
which the coraco-clavicular ligaments were very obliquely disposed, they were intact. In all 
the other cases both conoid and trapezoid ligaments had been completely ruptured. The 
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tearing had occurred with relatively little fraying at about the middle of each ligament, but 
in one patient, in whom the ligaments were unusually thick and strong, they had been avulsed 


from the coracoid (Fig. 1). 
MECHANISM OF INJURY 

The findings suggest that the injury is produced by a blow on the point of the shoulder 
so that the violence acts through the acromion in the long axis of the limb. The muscles of 
the shoulder girdle, and particularly the trapezius, are tense at the moment of impact. The 
downward thrust on the scapula is transmitted, through its ligamentous attachments, to the 
clavicle. Contraction of the clavicular fibres of the trapezius resists this thrust and the 
ligaments are disrupted. The continuing violence carries the scapula and upper limb 
downwards away from the clavicle, splitting the trapezius into clavicular and scapular 
components and tearing the deltoid from the clavicle (Figs. 3 and 4). 


Fic. 3 Fic. 4 
Figure 3—Diagrammatic representation of the mechanism of injury, as seen from 
the front. The arrow represents the direction of the applied force. The extent of 
the avulsion of the anterior segment of deltoid from the clavicle is shown. 
Figure 4—Diagrammatic representation as seen from the back. The arrow 
indicates the direction of the applied force. The splitting of the trapezius between 
its clavicular and acromial components is shown. 


The essential difference between subluxation and complete dislocation of the acromio- 
clavicular joint is possibly that in the former only ligaments are torn, the muscles of the 
shoulder girdle remaining intact and so preventing wide separation of clavicle from the 
acromion. The muscle fibres that can most efficiently hold the clavicle in contact with the 
acromion are precisely those anterior fibres of the deltoid which are usually avulsed in 
complete dislocation. 

TREATMENT 

An assessment of the persistent symptoms of pain and weakness after conservative 
treatment leads to the conclusion that they arise chiefly from damage to the deltoid and 
trapezius muscles. The split in the horizontal fibres of the trapezius and the gap between 
the clavicle and the avulsed anterior segment of the deltoid must fill with scar tissue which 
is subjected to stretching with every movement of the upper limb, particularly when forward 
flexion at the shoulder and long axis traction are resisted. These are the movements which 
are most noticeably weak and painful in cases treated conservatively. Repeated stretching 
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of ‘‘ unconsolidated "’ scar tissue as a source of persistent pain and weakness is well known 
in other regions—notably in the rotator cuff of the shoulder, the extensor mechanism of the 
knee, the tendo calcaneus, and the flexor origin of the forearm muscles after avulsion of the 
medial epicondyle. 

If these conclusions are correct, then treatment should aim primarily at securing 
reposition and healing of torn and avulsed muscle. However, since in complete acromio- 
clavicular dislocations the clavicle is widely separated from the scapula, it is clear that the 
muscles cannot be repaired unless the clavicle is first returned to its normal position and 
retained there until healing is sound. A rational approach would therefore be to reduce the 
dislocation and prevent redisplacement, and then to repair the torn muscles. Our findings 
suggest that these aims can be achieved only by a full surgical exploration at the acute phase. 

The avulsion of the deltoid cannot be remedied except by direct suture. A limited 
operative approach, such as transfixion of the acromio-clavicular joint with Kirschner wires 
(Murray 1940, Phemister 1942), cannot influence muscle healing and, moreover, it invites 
stiffness of the acromio-clavicular joint. This is of some importance because Inman and 
others have shown that 20 per cent of the total range of upper extremity abduction is 
dependent upon movement at the acromio-clavicular joint (Inman, Saunders and Abbott 
1944). Similar defects are inherent in the operation designed to secure reduction by screwing 
the clavicle to the coracoid process (Bosworth 1941, Vere-Hodge quoted by Watson- Jones 
1943). 

Even the limited and, we consider, secondary objective of securing accurate reduction 
often cannot be achieved without a clear exposure of the joint. In more than half our cases 
the presence of muscle or partly extruded meniscus in the joint constituted a real barrier to 
closed or semi-closed reduction. Urist (1946) found, when operating in cases in which closed 
treatment had been unsuccessful, that fibrous tissue, torn menisci and capsular ligaments 
lying in the joint had prevented reduction. He advocated excision of the outer end of the 
clavicle, though he admitted that neither functionally nor cosmetically were the results 
uniformly satisfactory. 

We now support the view that all manual workers with complete dislocation of the 
acromio-clavicular joint, and with clinical evidence of muscle damage, should have a full and 
systematic operative repair carried out at the earliest opportunity. 

The diagnosis of complete dislocation rests upon a suitable history, a clinically obvious 
“step ’ between the clavicle and the acromion, and significant widening of the space between 
the clavicle and the coracoid process seen in a radiograph taken with the patient erect and 
the arms hanging by the side (Fig. 5). The diagnosis of the characteristic muscle lesions 
rests upon marked tenderness below the outer end of the clavicle and above the outer end 
of the spine of the scapula, together with pain in these regions produced by contraction of 
the anterior fibres of the deltoid and the superior fibres of the trapezius. 

Technique of operation— The incision follows the outer third of the clavicle, crosses the 
acromio-clavicular joint and runs medialwards along the horizontal fibres of the trapezius 
(Fig. 6). The full extent of the injury is displayed, the integrity or otherwise of the coraco- 
clavicular ligaments is established, and any obstacle to reduction that there may be in the 
acromio-clavicular joint is removed. When ruptured, the coraco-clavicular ligaments are 
exposed, if necessary by extending medially the gap between clavicle and avulsed deltoid 
muscle by dividing a sufficient length of the deltoid origin, leaving a fringe attached to the 
clavicle to facilitate suturing. A suture is passed through the torn ends of the coraco-clavicular 
ligaments and the ends of the suture are left long. A suture of wire or some other strong 
material is passed vertically through the clavicle and acromion about a centimetre from the 
joint. The dislocation is reduced and the suture is then tightened and secured. This retains 
the reduction, and the suture uniting the coraco-clavicular ligaments can now be tied and 


cut short. 


VoL. 36 B, no. 2, May 1954 


| 


198 


J. S. HORN 


All that now remains is to repair the damaged muscles. 


The split in the trapezius is 
closed with one or two interrupted sutures. The avulsed segment of deltoid is replaced by 
mattress sutures passed either round or through the clavicle. 


In the patient in whom the coraco-clavicular ligaments had been avulsed from the 
coracoid (Figs. 7 and &) it was considered that suture alone would be inadequate. Accordingly, 


Fic. 5 
Radiogradh in the case of 


acromio-clavicular 
dislocation illustrated in Figure 1 


Fic. 6 


The result in the patient shown in Figure | eight weeks after operation. The placing of the incision 
is shown by the scar. 


a figure-of-eight wire loop was passed round the clavicle and round the coracoid process and 
tightened after the retaining suture had been placed across the acromio-clavicular joint. 
The suture which had previously been placed between the avulsed coraco-clavicular ligaments 
and the soft tissues on the coracoid process was then tied. 


After operation, the arm is bandaged to the side for six weeks; thereafter active mobilising 
exercises are encouraged. 
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Fic. 7 
The method of repair used in the case shown in Figure |. A wire suture, A, 
has been placed across the acromio-clavicular joint and a wire loop, B, has 
been placed around the clavicle and the coracoid process. Sutures have been 
placed between the avulsed ends of the coraco-clavicular ligaments and their 
stumps on the coracoid process, and the sutures have been left long, C. After 
the two wire sutures have been tightened, the non-absorbable sutures in the 
coraco-clavicular ligaments will be tied and cut short. 


Fic. 8 Fic. 9 


Figure 8—Immediate post-operative radiograph showing the wire sutures in position. Same 

case as that illustrated in Figures 1 and 7. Figure 9—Eight weeks after the operation, when 

full movements had been regained, the wires were shown to be broken and slight subluxation 
of the acromio-clavicular joint had recurred. 
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RESULTS 


With one exception all patients regained full movements and returned to work within 
three weeks of the removal of the bandages (nine weeks after operation). The exception was 


the patient in whom the coraco-clavicular ligaments were found at operation to be intact. 


He failed to regain the last 15 degrees of abduction at the shoulder and the post-operative 
radiograph showed new bone formation along the coraco-clavicular ligaments. This suggested 
that the ligaments had escaped rupture by stripping the periosteum from the under-surface of 
the clavicle and confirmed Inman’s finding that full movement of the clavicle in relation to 
the scapula is essential for full shoulder movements. 

All the patients operated on rapidly regained full power and none complained of pain. 
A radiological follow-up revealed an interesting sequel. Whenever wire sutures had been 
used, they were found to have broken within a few weeks of resumption of activity (Fig. 9). 
We interpret this as indicating that normal movement had been restored between clavicle 
and scapula, the wires having broken as a result of repeated bending and twisting. 

Another radiological finding was that slight subluxation of the acromio-clavicular joint 
usually recurred after the wires had broken (Fig. 9). Displacement was not detectable 
clinically (Fig. 6) and was not accompanied by symptoms. It suggested that the ligaments 
binding the clavicle to the scapula had healed with some lengthening. The absence of symptoms 
supports our view that disability arises largely or entirely from the muscle lesion. 


SUMMARY AND CONCLUSIONS 
1. The lesions chiefly responsible for persistent pain and weakness after acromio-clavicular 
dislocations are tears of the trapezius and deltoid muscles. 
2. These tears cannot be adequately treated except by open operation. 
3. There are often physical barriers making closed manipulative reduction impossible. 


4. Open reduction and repair of torn ligaments and muscle is advocated for manual workers. 


My thanks are due to my surgical colleagues for their co-operation and to Messrs N. R. Gill and C. Richardson 
of the Photographic Department for the illustrations 


REFERENCES 


BirkeTT, A. N. (1944): The Result of Operative Repair of Severe Acromio-Clavicular Dislocation. British 
Journal of Surgery, 32, 103. 

BOHLER, L. (1935): The Treatment of Fractures. Fourth edition, p. 172. Translated by E. W. Hey Groves. 
Bristol: John Wright & Sons Ltd. Baltimore: William Wood & Co. 

Bosworth, B. M. (1941): Acromioclavicular Separation. New Method of Repair. Surgery, Gynecology 
and Obstetrics, 73, 866. 

Bowers, R. F. (1935): Complete Acromioclavicular Separation. Journal of Bone and Joint Surgery, 
17, 1,005. 

CapeENaT, F. M. (1917): The Treatment of Dislocations and Fractures of the Outer End of the Clavicle 
International Clinics, Series 27, 1, 145. 

CaLpWELL, G. D. (1943): Treatment of Complete Permanent Acromioclavicular Dislocation by Surgical 
Arthrodesis. Journal of Bone and Joint Surgery, 25, 368. 

CARRELL, W. B. (1928): Dislocation at the Outer End of Clavicle. Journal of Bone and Joint Surgery, 
10, 314. 

DILLEHUNT, R. B. (1927): Luxation of the Acromioclavicular Joint. Surgical Clinics of North America, 
7, 1,307. 

EIKENBARY, C. F., and LeCoca, J. F. (1933): The Operative Treatment of Acromioclavicular Dislocations. 
Surgical Clinics of North America, 13, 1,305. 

GiRARD, P. M. (1944): Acute Acromioclavicular Dislocation. Bulletin of the U.S. Army Medical Department, 
No. 82, p. 5. 


THE JOURNAL OF BONE AND JOINT SURGERY 


200 


THE TRAUMATIC ANATOMY AND TREATMENT OF ACUTE ACROMIO-CLAVICULAR DISLOCATION 201 


Gurp, F. B. (1941): The Treatment of Complete Dislocations of the Outer End of the Clavicle. An Hitherto 
Undescribed Operation. Annals of Surgery, 113, 1,094. 

HaGGart, G. E. (1933): The Treatment of Acromioclavicular Joint Dislocation. Surgical Clinics of North 
America, 13, 683. 

Hami__, R. C. (1920): Acromio-Clavicular Dislocation. International Clinics, Series 30, 3, 130. 

Hart, V. L. (1941): Treatment of Acute Acromioclavicular Dislocation. Journal of Bone and Joint 
Surgery, 23, 175. 

Henry, M. O. (1929): Acromio-Clavicular Dislocations. Minnesota Medicine, 12, 431. 

InMAN, V. T., SAUNDERS, J. B. De C. M., and Assotrt, L. C. (1944): Observations on the Function of the 
Shoulder Joint. Journal of Bone and Joint Surgery, 26, 1. 

Key, J. A., and Conwe -t, H. E. (1942): The Management of Fractures, Dislocations, and Sprains. Third 
edition, p. 497. St Louis: The C. V. Mosby Company. 

Macey, H. B. (1936): Separation of Acromioclavicular Joint. Report of a Case. Proceedings of the Staff 
Meetings of the Mayo Clinic, 11, 683. 

MitcHeELt, A. B. (1926): Dislocation of Outer End of Clavicle. British Medical Journal, ii, 1,097 

Morrat, B. W. (1925): Separation of the Acromioclavicular Joint. Surgery, Gynecology and Obstetrics, 
41, 73. 

Mumrorp, E. B. (1941): Acromioclavicular Dislocation. Journal of Bone and Joint Surgery, 23, 799 
Murray, G. (1940): Fixation of Dislocations of the Acromioclavicular Joint and Rupture of the 
Coracoclavicular ligaments. Canadian Medical Association Journal, N.S. 43, 270. 

PHEMISTER, D. B. (1942): The Treatment of Dislocation of the Acromioclavicular Joint by Open Reduction 
and Threaded-Wire Fixation. Journal of Bone and Joint Surgery, 24, 166. 

RIDDEL, J. (1926): Dislocation of the Acromio-clavicular Joint. British Medical Journal, i, 697. 

RoBerRTS, S. M. (1934): Acromio-Clavicular Dislocation. Anatomical Exposure of the Outer End of the 
Clavicle and the Coracoid Process. American Journal of Surgery, N.S. 23, 322. 

SCHNEIDER, C. C. (1933): Acromioclavicular Dislocation: Autoplastic Reconstruction. Journal of Bone 
and Joint Surgery, 15, 957. 

Urist, M. R. (1946): Complete Dislocations of the Acromioclavicular Joint. Journal of Bone and Joint 
Surgery, 28, 813. 

VarGas, L. (1942): Repair of Complete Acromioclavicular Dislocation, Utilizing the Short Head of the 
Biceps. Journal of Bone and Joint Surgery, 24, 772. 

VerE-Honce, N. (1943): Quoted by R. Watson-Jones. Fractures and Joint Injuries. Third edition, 2, 433. 
Edinburgh: E. & S. Livingstone Ltd. 

Watkins, J. T. (1925): An Operation for the Relief of Acromio-Clavicular Luxations. Journal of Bone 
and Joint Surgery, 7, 790. 


VOL. 36 B, No. 2, May 1954 


\ 
| 
| 
| 
| 
| 


COMPLETE DISLOCATION OF THE ACROMIO-CLAVICULAR JOINT 


C. KENNEDY and Howarp CAMERON, LONDON, CANADA 


From the University of Western Ontario 


Complete dislocation of the acromio-clavicular joint is not a common injury. A review 
of the literature fails to disclose a carefully followed series numbering more than twenty-five 
identically treated cases. Treatment is indeed varied, and end-results uncertain. 

In the past four years we have been fortunate in encountering twenty-seven cases of 
complete acromio-clavicular dislocation (Fig. 1); all have been treated identically by the use 
of coraco-clavicular fixation. These patients have recently been recalled for clinical and 
radiological examination. From this study we have arrived at preliminary but definite 


Fic. 1 


\ll the injuries included in this series were complete dislocations. 


conclusions about selection of patients, operative technique and early end-results. In the 
course of our investigations we have also considered afresh the exact function of the acromio- 
clavicular joint. 

Anatomy of acromio-clavicular injuries—In the anatomy of the acromio-clavicular joint it 1s 
noted that the conoid and trapezoid ligaments form the key mechanism which, helped only 
by the serratus anterior muscle, prevents the scapula from being driven medially. So long as 
these ligaments remain intact, the joint cannot suffer gross displacement. 

The mechanism of injury in all cases was either a direct fall on the point of the acromion 
or a direct blow on the acromion as in a football tackle, driving it, with the scapula, downwards 
and medially. Of twenty-seven complete dislocations twenty-three were right-sided. We have 
been unable to discover any anatomical variations that make the right shoulder more 
vulnerable. We can only conclude that inherent protective mechanisms exhibited by the 
patient just before injury render the right shoulder a more susceptible target. 


METHODS OF TREATMENT 
There are many methods of treating acromio-clavicular dislocation; these range from 


studied neglect,’ through various forms of conservative management, to some form of 
open operation. 


202 THE JOURNAL OF BONE AND JOINT SURGERY 


— 


COMPLETE DISLOCATION OF THE ACROMIO-CLAVICULAR JOINT 203 


It must be admitted that patients with untreated dislocations are discovered occasionally 
with surprisingly good functional results. On our University staff are two doctors—one 
an ear, nose and throat specialist, the other a psychiatrist—both of whom have untreated 
acromio-clavicular joint dislocations with»ut symptoms. Three weeks after complete 
dislocation of the acromio-clavicular joint, when effusior and swelling have disappeared, 
there is not likely to be much pain locally. However, in a good proportion residual subluxation 
is associated with pain, crepitus and restriction of movement. 

An analysis of the literature reveals also that 20 per cent of patients treated conservatively 
have unsatisfactory results, with pain, instability and limitation of joint movement. Inter- 
position of torn components of the acromio-clavicular joint, such as ligaments, capsule or 
articular disc, make this method of treatment unpredictable. 

There are at least twenty-eight operative methods for correction of acromio-clavicular 
joint dislocation. Introduction of Kirschner wires across the joint as recommended by 
Murray (1940), reconstruction of the conoid and trapezoid ligaments by stainless steel wire 
or fascia as described by Bunnell (1928), or primary excision of the outer end of the clavicle 
as proposed by Gurd (1941), all have their place, for they can give good results if the technique 
is carried out perfectly. Nevertheless we have had unfortunate experiences with two of 
these methods. We have observed that most working men display some weakness in the 
abducting mechanism of the shoulder after removal of the outer end of the clavicle; this is 
particularly true in the final degrees of abduction. In addition, we have had the disappointing 
experience of Kirschner wires cutting through the acromion with loss of position, despite the 
anatomical reduction of the acromio-clavicular dislocation two weeks before. These difficulties 
have led us to use the Bosworth (1941) lag-screw operation. We believe, however, after noting 
the severe disruption of the acromio-clavicular joint at the time of operation, that in any 
surgical attack on this lesion arthrotomy of the acromio-clavicular joint is an essential part 
of the operation. This ensures healing of ligaments and periarticular structures with the 


joint accurately reduced. 

Critics of the lag-screw technique of coraco-clavicular fixation consider that certain 
important elements of shoulder joint function are removed once the clavicle becomes firmly 
fixed to the coracoid. They point out that rotation of the clavicle occurs on its long axis 
when the shoulder is abducted and that pain consequently occurs when the arm is carried 
beyond 90 degrees. We have found that these criticisms are invalid, inasmuch as most of 
our patients have full painless abduction. In addition, the clavicle in such a patient does 
rotate on its long axis, but with the scapula as one unit. We will enlarge on this later. 


TECHNIQUE OF OPERATION 

A standard technique has been adopted for this procedure after certain errors in our 
earlier cases. We wish to stress the necessity of adherence to this exact technique, whereby 
many of the pitfalls of coraco-clavicular fixation may be avoided. 

As originally described by Bosworth, the method consisted of fixation of the clavicle to 
the coracoid process, the operation being carried out under local anaesthesia without 
arthrotomy of the acromio-clavicular joint. We believe that this original technique neglects 
two important steps. The joint must be clearly seen and the coracoid process must be 
sufficiently exposed in order to identify its broad base. Arthrotomy is necessary, for in many 
of our cases severe disruption of the joint was noted, with tearing of the articular disc and 
interposition of fragments of the acromio-clavicular ligament. In addition, “* blind ”’ screwing 
of the coracoid is hazardous. The success of the procedure depends on a firm grip by the lag 
screw into the broad base of the coracoid. This can be secured only under direct vision or 
with radiographic control. An axillary view of the coracoid is helpful. A screw that looks 
in perfect position in the antero-posterior view may be found to be poorly placed in the axial 
view (Fig. 2). The screw should be placed vertically. In some of our earlier cases, introduction 
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of the screw was from a position too far lateral; this led to tne use of a longer screw than was 
necessary, and made engagement of the base of the coracoid difficult. 

With the patient in a semi-sitting position, an S-shaped incision is made to expose the 
acromio-clavicular joint, the outermost quarter of the clavicle, and the coracoid process. It is 
unnecessary to detach completely the entire clavicular origin of the deltoid; preservation of 
the more medial part will greatly enhance the speed of recovery of the muscle after operation. 


Fic. 2 Fic. 3 


Figure 2—Screw has failed to engage the coracoid process as demonstrated in axial view. 
3—Screw introduced from lateral position results in engagement of tip rather than 


Figure 
base of coracoid, 


Full abduction despite marked over-production of bone in conoid and trapezoid ligaments. 


The coracoid process is carefully identified, the acromio-clavicular joint is freed of interposing 
soft tissue ; the torn conoid and trapezoid ligaments are purposely preserved in the hope that 
calcification and ossification will occur along them later. A drill equal in diameter to the thread 
diameter of the screw is passed through the outermost quarter of the clavicle, in a vertical 
plane, directly towards the base of the coracoid process. A smaller drill, of the same diameter 
as the root diameter of the screw, is then introduced and made to penetrate the cortex of the 
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coracoid process. A screw of suitable length is driven home; it should maintain adequately 
the reduction of the joint, should be vertical in position, and should penetrate bovh cortices 
of the coracoid process, well back at its base. If the least doubt arises whether the lag screw 
is accurately placed, an axial radiograph should be taken on the table. 


RESULTS 
We have no comparative series treated by any other standard method with which to 
compare our early results. In our series of twenty-seven cases followed for only a four-year 
period the following statistical observations were made. Using the ratings of anatomical, 
functional, economic, and cosmetic, with 4 as the highest rating, our series appeared as: 


Fic. 5 
Extra-articular fusion of the acromio-clavicular joint through marked ossification 
along the conoid and trapezoid ligaments. 


anatomical, 3-7; functional, 3-6; economic, 3-7; cosmetic, 4. Several patients returned early 
to heavy manual work. A bricklayer returned to full work in six weeks; a butcher in eight 
weeks was able to lift 200 pounds of meat; a football player injured when tackling in October 
turned out for basketball practice in December; a professional hockey player was back with 


his team six weeks after operation. The age of our patients varied from sixteen to sixty- 
seven, the average being thirty-four vears. 


excessive calcification and ossification along the conoid and trapezoid ligaments did not 
seem to influence the late results (Fig. 4); nor did over-correction of the deformity at the time 
of operation. As our series developed it became the practice to preserve if possible the torn 
conoid and trapezoid ligaments, even in a ragged state, and also purposely to over-correct the 
deformity at operation. 

All of the five patients with indifferent results were over the age of fiftv. Of the nineteen 
patients with good results, all were young athletic individuals who were quickly rehabilitated 
with the least discomfort. In three of the younger patients the result was only fair. 
In two of these, mistakes were made in operative technique: one screw missed the coracoid 
as seen in the axial view; another passed obliquely from a very lateral position into the tip 
of the coracoid. 
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FUNCTION OF THE ACROMIO-CLAVICULAR JOINT 
An analysis of our patients has led us to reconsider the exact function of the acromio- 
clavicular joint. A well performed coraco-clavicular fixation, with subsequent ossification 
along the conoid and trapezoid ligaments, of necessity creates an extra-articular fusion of the 
acromio-clavicular joint and eliminates this component of the shoulder mechanism (Fig. 5). 


Fic. 7 

Left acromio-clavicular joint has been fixed with a screw from clavicle to coracoid process. Normal 

shoulder on right. Excursion of the Kirschner wires (clavicular rotation) is the same on two sides. 

Two movements have been described at the acromio-clavicular joint: a gliding movement 
as the shoulder joint flexes and extends; and an elevation and depression movement to 
conform with changes in relationship between scapula and humerus during various phases 
of abduction. Neither of these movements seems essential. 

Inman and his associates (1944) have contributed basic work on the function of the 
shoulder. They have stressed that complete abduction is dependent on free movement in 


all joints of the shoulder complex—namely, the sterno-clavicular, acromio-clavicular, scapulo- 
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thoracic, and scapulo-humeral joints. In addition, they have shown that during abduction 
the clavicle rotates on its longitudinal axis to a marked degree. This was strikingly 
demonstrated by passing a Kirschner wire horizontally into the clavicle and watching it 
gain 55 to 60 degrees of elevation as the arm reached full abduction. The greatest degree of 
rotation occurred after 90 degrees of abduction. From these observations Inman ef a/. warned 


Fic. 9 
Synchronous scapulo-clavicular rotation as demonstrated by Kirschner wires in clavicle and 
scapular spine. 


against fusion of the acromio-clavicular joint for any condition. Since Inman's original 
publication these reflections have often been repeated by others, all condemning screw fixation. 


Since it was obvious that in essence we were creating an extra-articular fusion of the 
acromio-clavicular joint, and since most of our patients nevertheless regained full abduction 
(Fig. 4), misgivings about carrying out coraco-clavicular fixation seemed unwarranted. 
Kirschner wires introduced into a normal clavicle and into one which has undergone coraco- 
clavicular fixation show no difference in their excursion (Figs. 6 and 7). This observation has 
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been repeatedly confirmed on fresh cadavers. The transfixed clavicle of the cadaver compares 
favourably with the rotating mechanism of the opposite clavicle. It must be assumed that this 
transfixed clavicle undergoes rotation but does so synchronously with the rotating scapula. 

To demonstrate this point further, Kirschner wires were placed in the scapular spine 
and clavicle and movements observed; it was observed that on both normal and transfixed 
sides movements of clavicular rotation and scapular rotation were synchronous during 
abduction of the shoulder. The degree of elevation of the clavicular wires corresponded to 
the degree of depression of the scapular wires (Figs. 8 and 9). Rotation of the scapula and 
clavicle did not occur to any marked degree before 90 degrees of abduction or forward flexion. 

From these experiments we can conclude that fusion of the acromio-clavicular joint does 
not prevent clavicular rotation but rather creates a synchronous scapulo-clavicular rotation. 
Although we found in our experiments that the normal shoulder simulates this synchronous 
movement, we believe nevertheless that individual movements of rotation can normally occur 
at both clavicle and scapula. 

In the normal shoulder various stages of tension have been observed in the conoid and 


trapezoid ligaments. Tension of these ligaments can be altered only by rotation of the clavicle 


on the scapula. Indifferent results in our older patients must be attributed to failure of the 
shoulder mechanism to adapt itself to synchronous scapulo-clavicular rotation. The acromio- 
clavicular joint of the patient over fifty must rely to some extent on the slight “ play ”’ 
allowed by changes in tension of the coraco-clavicular ligaments. When this is removed by 
coraco-clavicular fixation or fusion of the acromio-clavicular joint, the extremes of abduction 
are painful. This phenomenon was not observed in our younger patients, in whom synchronous 
scapulo-clavicular rotation invariably allowed rapid, full, and painless abduction. 


CONCLUSIONS 
1. Screw fixation of clavicle to coracoid process, with subsequent calcification and ossification 
along the conoid and trapezoid ligaments, creates an extra-articular fusion of the acromio- 
clavicular joint. 
2. Though the follow-up is admittedly early, excellent results can be obtained in the young 
healthy adult. It is possible to return an athlete to competitive sports and a heavy labourer 
to full work in a surprisingly short time. 
3. The operation is of doubtful value in older patients. 
4. A precise operative technique is most important in producing a successful result. 
5. Screw fixation introduces a new movement into the abduction mechanism of the shoulder: 
synchronous scapulo-clavicular rotation. 
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PERIPHERAL ARTERIAL DISEASE 
Some Points of Common Interest to General and Orthopaedic Surgery 


F. A. R. STAMMERS, BIRMINGHAM, ENGLAND 
Professor of Surgery, University of Birmingham 


Before 1926 the popular method of combating vasospasm was by periarterial 
sympathectomy, as advocated by Lériche; but the benefit was only temporary, and therefore 
disappointing. The first lumbar sympathetic ganglionectomy for peripheral arterial disease 
in the lower limb was performed twenty-seven years ago by Adson and Brown (1929) at the 
Mayo Clinic, and the genesis of the operation is of interest. During the early twenties of this 
century Hunter (1924) in Australia was conducting experiments in support of his hypothesis 
that striped muscle had a dual innervation—the position of a limb being altered through 
the medium of somatic nerves, and the new position being maintained through sympathetic 
nerves—and that spasticity of the legs from injury to the spinal cord at a higher level was 
evidence of overaction of the sympathetic. Acting on this hypothesis, Royle (1924), a 
surgical colleague, performed lumbar sympathetic ganglionectomy on soldiers suffering from 
spastic legs, the result of wounds in the first world war. Royle claimed good results, and he 
was invited to America to demonstrate his operation. Among other centres, he visited the 
Mayo Clinic where he was offered a group of these cases. The spasticity was little affected, 
but what was of particular interest to the observers was the fact that the legs became warmer 
and drier than hitherto. It was at that time that Allen and Brown were engaged on a study 
of peripheral vascular disease, and they realised at once that here was something that offered 
great possibilities where vasospasm played a part in the symptoms. Adson and Craig of the 
neurosurgical department adopted the operation for just these cases. Thus the discovery of 
the effect of sympathectomy was accidental: it was an example of “ the mind prepared.”’ 

There was still no satisfactory surgical approach to the stellate ganglion until the 
rediscovery of Henry’s paper of 1923 on a method of ligating the first part of the left subclavian 
artery from behind, in which he mentioned that the ganglion could be seen through a dorsal 
incision through the bed of the second rib. The first time that this was undertaken for 
peripheral arterial disease of the upper limb was again by Adson, during the latter part of 
1928, and from this time onwards sympathetic ganglionectomy became one of the most 
useful procedures for severe vasospasm (Stammers 1932, 1944). It was my good fortune to 
spend the whole of 1929 at the Mayo Clinic working in the Department of Neurosurgery. 
Classification of peripheral arterial diseases— Peripheral arterial diseases can be listed 
in five main groups: 1) Spasm alone (mainly in young people): poliomyelitis; acrocyanosis 
frigida; Raynaud's disease; and an unclassified group of vasospasm. 2) Anatomical (usually, 
but not always, in young people): cervical rib, and mechanisms within the costo-clavicular 
space. 3) Arterial wall disease with or without superimposed spasm; Buerger’s disease (young 
patients); endarteritis (diabetic; syphilitic); medial sclerosis (middle-aged patients) ; 
atherosclerosis (old patients); aneurysm. 4) Embolism. 5) Trauma: blunt injuries such as 
mechanical blow or crutch pressure; open wound—especially gunshot wounds; thermal: 


frost bite; immersion foot. 


SYMPTOMS OF VASCULAR DISEASE 
The symptoms that should arouse suspicion of underlying peripheral arterial disease may 
be considered under the following headings. 
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Cold sensitivity—-Some young men and women always have cold hands and feet, often looking 
cyanosed too. They are perfectly healthy, and do not suffer any discomfort. They are just 
more sensitive to cold than most people, but if in them, or as a sudden or gradual thing 
in older folk, this coldness becomes painful, real vascular disease must be assumed. 
Trophic changes—These take various forms: nails may become deformed; cracks may appear 
near the nail margins; ulcers may develop on the tips of fingers or toes; or frank gangrene 
may involve one or more digits. Sometimes a surgical or accidental wound of fingers or toes 
fails to heal and peripheral vascular disease is then suspected for the first time. For example, 
there are now two patients in my wards, one because the operation wound for ingrowing 
toe nail failed to heal, and the second because a foot injured by a falling weight showed no 
evidence of healing. 

Intermittent claudication —This intermittent limp, the result of severe cramp from ischaemia 
of muscles, may affect calf, peroneal, thigh or foot muscles, the first being the commonest 
in my experience. Claudication affecting the thigh muscles is caused by blocking of the 
profunda femoris artery: when the small muscles of the foot are affected the pain may at 
first mimic foot strain, and foot exercises or foot supports may be mistakenly given. 

A mixture of symptoms is complained of by some patients—claudication, trophic changes, and 
coldness all appearing at the same time and often proceeding to gangrene. 
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Fic. 1 
Heating test (right leg On the left are temperatures whilst the limbs lay exposed to environmental 
temperature: on the right are the results of heating the arms. The findings for the left leg were similar 
After twenty minutes the body temperature had risen from its resting level of 36-8 degrees Centigrade to 
37-5 degrees Centigrade. (Room temperature 19-2 degrees Centigrade 


INVESTIGATIONS 


When disease of the peripheral vessels is suspected investigation is required, first to 
prove the presence of disease, and secondly—and most importantly —to assess the degree of 
vasospasm, for it is this and this alone that can be influenced by operations on the 


sympathetic nervous system. 
History and clinical examination—The history of onset, the age and general condition of the 
patient, and an examination of the peripheral pulses, all help in diagnosis. But it must be 
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remembered that many a patient's peripheral arteries contract down under the influence of a 
cold journey so that pulses are eliminated; such patients should be allowed to warm up for a 
few hours before a firm statement is made that there are no pulses distal, for instance, to 


the groin. 
In my experience one of the most useful questions to the patient is: 
warm up in bed at night ?”’ If they do so spontaneously it is certain that vasospasm plays 


‘ 


‘do vour feet 


a part in the picture. 


Fic. 2 Fic. 3 
Figure 2——Arteriogram showing block in popliteal artery. Figure 3—Same case 
after vein graft. 


Effect of reflex heating—The physiological stimulus to a general vasodilation of the limbs is 
pyrexia, and a mild, harmless pyrexia can be produced in several ways. If the legs are affected, 
the hands and forearms up to the elbows can be immersed in water at 44 degrees Centigrade 
(as hot as can be borne), which raises the mouth temperature after half an hour or an hour 
to 36-5 or 37 degrees Centigrade. If the hands are the affected parts, the legs up to just below 
the knees are immersed in the hot water. The full test consists in exposing the affected limbs 
to room temperature (preferably at 15-5 degrees Centigrade) for about one hour, at the same 
time taking mouth temperature, and then heating the normal limbs, taking temperatures of 
a digit, the dorsum of foot or hand, and of the calf or forearm, again observing mouth 
temperature as an indication of a mild pyrexia. The peripheral temperatures are most 
conveniently measured by electro-thermal couples, but an ordinary short thermometer, 
graduated from 20 to 40 degrees Centigrade, will serve. In a case of poliomyelitis or of 
Raynaud's phenomenon a rise of as much as 10 or 12 degrees Centigrade follows reflex heating, 
whereas an elderly patient with arterio-sclerosis may show no more than a rise of 0-5 to 
2 or 3 degrees Centigrade: these changes are commensurate with the degree of spasm (Fig. 1). 
A rougher test is to heat the trunk under an electric cradle; but it is not very accurate. 

Svmpathetic block—The best mimicry of a surgical sympathectomy is to inject a solution of 
2 per cent procaine around the appropriate ganglia. The procedure is technically simple, 
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and its effectiveness is determined by similar temperature studies. I do not advocate the 
use of spinal anaesthesia as a test, although it is the most effective method of producing 
temporary paralysis of the sympathetic outflow from the cord: it is not free from risk, and 
such catastrophes as loss of sphincter control or 
drop-foot have been observed. 
Arteriography — This has assumed great importance 
since the introduction of arterial grafting techniques. 
Nevertheless, its interpretation is sometimes difficult, 
and Morrissey, working in my department, has shown 
that normal people may reveal a kink, or even non- 
filling of a segment at points where the vessels pass 
through anatomically narrower or tethered regions, 
such as the adductor opening or the popliteal space. 
Figures 2 and 3 show the typical appearance of a 
blocked femoral artery replaced by a vein graft (by 
D. M. Morrissey). Figure 4 shows femoral and popliteal 
arteries which appear to have a good though somewhat 
irregular lumen; the patient was a man of seventy-five 
with arterio-sclerosis and gangrene of toes. Because 
of the arteriogram a _below-knee amputation was 
ventured, but the stump failed to heal, and even the 
subsequent above-knee stump healed only sluggishly. 
I have tried arteriograms in a number of patients 
requiring amputation, in the hope that they would 
help in assessing the chance of a successful below-knee 
amputation, but I have not found them a_ reliable 
guide. | believe that the only reliable method in the 
irregular lumen in arterial tree. Despite presence of peripheral arterial disease is to make the 


this there was gangrene of toes and jncisions boldly as for the below-knee amputation and 
a below-knee amputation stump failed ; 
to heal 


Fic. 4 


to proceed according to the profusion of the bleeding. 
Other investigations—What is really needed when 
claudication is the presenting symptom is some electro-mechanical device which, when 


plunged into different muscle bellies under local anaesthesia, will measure change in 
blood-flow before and after sympathetic paralysis. Morrissey has, like others, tried 
measuring the uptake of radio-active sodium injected into the calf muscle before and 


after sympathetic block, but the results are equivocal. 


TREATMENT 

The object of treatment is to eliminate such arteriospasm as there is, and so open up 
the collateral circulation. Treatment may be conservative or operative. 
Conservative treatment— Smoking of cigarettes should be absolutely forbidden. Alcohol, 
twice daily, is not only valuable but usually greatly welcomed—stout for the ordinary patient, 
spirits within moderation for the well-to-do. 
Drugs—Anti-spasmodic drugs such as “ Priscol ’’ and nicotinic acid, ganglion-blocking agents 
such as the methonium group of drugs, and “ Padutin ” all help. The last is a non-insulin 
extract of pancreas possessing vasodilator properties. It is not standardised and, therefore, 
not acceptable to some authorities, but I know from experience that it is often most helpful. 
A combination of two of these drugs is worth while. 
Exercises—Buerger’s exercises are beneficial and make the patient feel that he is doing 
something towards his own treatment. 
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Reflex heating—Reflex heating is most useful, and can be carried out in the home by the 
patient immersing the hands and forearms in as hot water as he can tolerate, for ten minutes 
twice daily. A method that I have used now for over five years for in-patients is to make 
them wear electrically heated gloves extending up to the elbows for many hours each day. 
Indeed they need be removed only for meals. Recently we have used a battery of such gloves 


as shown in Figure 5. 
Adjustments to footwear—Raising the heels of the shoes relieves the demand on the calf muscles 


and gives relief. 


Reflex heating by electrically heated gloves. 


Operative treatment. Syvmpathectomy—The techniques of sympathectomy are well known 
and I will merely make a few comments. The operation for the lower limbs—removal of 
lumbar ganglia 2, 3 and 4 with intervening chain—if required on both sides, can be carried 
out at the same operation through bilateral oblique lateral abdominal incisions down to the 
peritoneum. This can then be stripped medially with little fear of subsequent paralysis of 
bowel, a risk one might think likely with such extensive stripping on both sides. Meteorism 
should be watched for, and if threatened can be treated by gastric intubation and parenteral 
feeding for a few days. I have seen it only twice, and it responded quickly to treatment. 
The operation for the upper limb is less certainly effective than that for the legs, because 
the anatomy is much more variable (Mitchell 1953). For this reason there are several different 
approaches; all are straightforward. The Smithwick (1940) approach through the bed of the 
third rib behind can be followed by an extra-pleural or intra-pleural operation, the second 
and third thoracic ganglia with intervening chain being excised. Some surgeons have also 
removed the first, this being the lower half of the stellate ganglion. Horner's syndrome is 
not produced if the upper half of the stellate ganglion—that is, its inferior cervical moiety 
be preserved. Should relapse follow the more orthodox operation, Poppen (1950) advocated 
extension of the excision down to the fifth ganglion. The orthodox ablation can also be carried 
out from above the clavicle and through Sibson’s fascia, as described by Telford (1938), and 
this is useful when it is not certain until exploration whether vasospasm of an upper limb is 
due to a cervical fibrous band or is idiopathic; should there be no band, sympathectomy may 
be proceeded with through the same operation field. A third technique, initiated in South 
Africa, is through the bed of the third rib in the anilla and then across the apex of the 


thoracic cavity. 
Tenotomy of the tendo calcaneus—\ have little experience of this operation introduced by 
Boyd et al. (1949), but I have carried it out in three old men, converting a painful hobble 
into a painless shuffle. They felt it worth while. 
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Arterial grajting— This is in its trial period, but the recent reports of Brock (1953) and Rob 
(1953) made thrilling reading. That some grafts thrombose subsequently there can be no 
doubt, but the graft can be repeated, and even a year’s respite from pain and threatened 
loss of limb is worth while. Arterial banks are being established in most centres, and the 
freeze-dry method of preservation makes transport of grafts an easy matter. Veins may be 
used, too, and in traumatic cases may be better because available and autogenous, but care 
must be taken to put them in upside down, otherwise the valves would nullify the intention. 

Reports from Korea vary from high hope to great caution. Apart from thrombosis there 
is an anxiety that these arterial homografts may at a later date blow out as aneurysmal 
dilations. Much has to be learned yet of this hopeful form of treatment. 


COMMENTS ON INDIVIDUAL DISEASES 
Poliomyelitis—Some patients suffer, within a year or two of the acute phase, severe 
vasospasm of the affected limbs. They are cold, blue or mottled, and these symptoms are 
roughly commensurate with the degree of paralysis. The patients that I see are sent by 
orthopaedic colleagues usually two or three vears after the initial disease because the victims 
begin to get real discomfort during the winter months; the coldness amounts to frank pain, 
and usually trophic ulceration develops around the ankle or on the dorsum of the foot. 
Never does a digit become gangrenous. Often this ulceration renders these patients bedridden 
during winter. Yet in a warm room or bed they warm up spontaneously. Reflex heating 
tests show a marked rise of temperature, even as much as 15 to 20 degrees Centigrade. Quite 
often I am asked to operate with the express purpose of improving the blood supply for a 
subsequent arthrodesis. The cold-sensitivity is caused by excessive vasospasm from the lack 
of the vascular pump effect of active muscles. Sympathectomy leads to a warm, dry and 
pink limb, and the trophic ulcers heal, at least for a time: but this is not the end of this happy 
story. When arthrodesis is subsequently performed for a flail foot, the forefoot often becomes 
cold again though remaining dry, probably because of further deprivation of the venous 


pump effect; and when the knee is arthrodesed too, the leg becomes still more cold-sensitive 


from mid-calf downwards. Probably the excessive accumulation of fat, with its poor blood 
supply, is also important, and trophic ulceration always overlies the fat. 

Acrocyanosis frigida— This malady affects young females with fat ankles, and it is this 
cuff of fat surrounding the ankles that is cold-sensitive and becomes blue and mottled as in 
poliomyelitis. In a warm room or in bed they become comfortable and of normal colour. 
This stage proceeds to trophic ulceration in the fatty zone, affecting front and back of the 
ankle; the toes are unaffected. The disease is again an example of ischaemia of fat. Ulceration 
may be preceded by subcutaneous tender nodules; biopsy reveals giant-cell systems which 
are foreign body reactions to dead fat, and not tuberculous. 

Bazin’s disease This must be mentioned because it, too, presents small chronic ulcers, 
but only over the tendo calcaneus, and without excessive fat. This is truly a tuberculous 
infection. The ulceration of Bazin’s disease is not improved by sympathectomy. 

Cervical rib—The possible symptoms from a cervical rib are usually divided into motor, 
sensory and vascular. I have had well over sixty cases of cervical rib or costo-clavicular 
space syndrome, and have pointed out (1950) that vascular symptoms occur only in the 
presence of a highly arched subclavian artery; this lies in contact with the extra rib and is 
pressed against it by each contraction of the scalenus anterior muscle. Since this is an 
accessory respiratory muscle it contracts, in the average person, about 20,000 times each day. 
Vascular injuries— This subject gives so many varieties of vascular lesions as to require a 
book; a few examples only will be offered. 

Blunt injuries—A sudden blow with a blunt object may bruise an artery, throwing it into 
spasm and thereby embarrassing the blood supply to the limb. Four years ago Mr W. Gissane 
invited me to see a young man who, while conveying on a motor lorry metal ingots from one 
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end of a large shed to the other, backed into an H-girder, the edge of which caught him behind 
the knee. He sustained mild bruises in the popliteal space, but the foot and lower leg rapidly 
became cold, white and insensitive, and he was taken to the Birmingham Accident Hospital. 
There, every stimulus to peripheral vasodilation was applied, and in about six hours the 
circulation returned. Had it not done so, it would have been necessary to explore the popliteal 
artery; and to-day, thanks to the researches of Kinmonth (1952), 2 per cent papaverine 


Fic. 6 
Arteritis from crutch pressure causing gangrene of several digits. 


Fic. 7 Fic. 8 
Figure 7— Case of crutch pressure arteritis causing finger-tip gangrene of left hand. Figure 8--Same 
case twenty days after cervico-thoracic sympathectomy, 


would have been painted on the artery or instilled around it continuously through a polythene 
tube. Papaverine has often been found to be effective in traumatic spasm when all other 
drugs have failed. 


Other injuries—Severance of the popliteal or femoral artery is a serious matter. During the 
recent war I collected notes of such cases: twenty-six of thirty-six patients with injuries of 
the popliteal artery required amputation above the knee, and of thirty-one patients with 
femoral artery injuries twenty-one needed amputation. These are the cases in which arterial 
or venous grafts would now be used. 
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Crutch arteritis—Four patients with crutch arteritis have been seen in the last six years. All 
had lost a lower limb during early childhood, and had never taken to a prosthesis. In each 
case, comparatively suddenly, serious circulatory embarrassment developed in one or both 
hands, which became cold and white, with loss of sensation and of function. All were treated 
on the same principle, namely, “ turning on all the taps.’’ At first the effect was tried of 
reflex heating, “* Priscol ’’ and alcohol, peristellate injection of 2 per cent procaine. These 
measures were followed next day by sympathectomy. Finally, after a true assessment of 
what recovery could be expected, such fingers as were gangrenous were amputated (Fig. 6). 
It is surprising how much recovery will occur. The photographs show the hands of two such 
cases (Fig. 7 and 8). 

Embolism—Students should be taught that unless embolectomy is performed within three 


to four hours the limb will inevitably be lost. So often the physician or family doctor thinks 


that because the patient has heart disease he would not stand the journey to hospital, and 
certainly not a subsequent anaesthetic; these fears are of course unfounded. 


RESULTS OF SYMPATHECTOMY 


The fundamental question to answer is how long after sympathectomy a limb will 
remain warm and dry. Of twelve patients whom I have observed for fifteen to twenty-two 
vears, seven still have warm and dry limbs. The greater the element of spasm, the moré 
successful the result. But many patients have disease of the vessel walls; this progresses—in 
Buerger’s disease relentlessly so until all four limbs may be involved, though mercifully there 
is a tendency for this disease to be self-limiting. The comfort of poliomyelitis patients varies 
inversely with the deposition of fat, and may be interfered with by subsequent arthrodeses. 
The same applies to patients with acrocyanosis frigida: fat is always cold-sensitive, even after 
sympathectomy. Sympathectomy is always more certain in the lower limb than in the upper 
because of the more compact and constant anatomy; certainly 40 to 50 per cent of patients 
relapse after sympathectomy for the upper limb. 

Nearly all those who complain of intermittent claudication at the age of fifty-five to 
sixty years, however treated, are dead of coronary disease within five years. 


SUMMARY 

1. The history of the development of the operation of sympathetic ganglionectomy for 
vasospasm is related. 

A simple classification is given of the common diseases of the peripheral arteries. 

The symptoms of peripheral arterial disease are described. 

The investigations are discussed. 

The treatment, both conservative and surgical, is discussed, with comments on arterial 
grafts. 
6. Special points are made regarding poliomyelitis, acrocyanosis, Bazin’s disease, cervical 
rib, vascular injuries and crutch arteritis. 
7. The long-term results of sympathectomy are reviewed. 
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THE NATURAL HISTORY OF OSTEOID OSTEOMA* 


With a Report of Twenty Cases 


J. S. R. GOLDING, UNIVERSITY COLLEGE OF THE WEsT INDIES 
Formerly Senioy Registrar, Royal National Orthopaedic Hospital, London 


Osteoid osteoma was originally described by Jaffe in 1935. It occurs mainly in the long 
bones and is characterised by pain and tenderness; radiographs typically show an extensive 
zone of sclerosis around a central small transradiant area containing stippled calcification. 
The histological appearance of osteoid tissue in a highly vascular osteoblastic stroma led 
Jaffe and Lichtenstein (1940) to the conclusion that the lesion was a benign neoplasm. 
About two hundred cases have been reported (Table I), but the original descriptions of the 
condition remain unsurpassed. Nevertheless the clinical behaviour of the condition is so 
unusual for a neoplasm that clinicians have been loath to believe that an inflammatory 
process was not present. The controversy concerning the etiology of osteoid osteoma was 
well expressed by Mackenzie (1947), who described two cases under the title ‘ painful 
non-suppurative localised sclerosis of the long bones.”’ 


TABLE | 


SITE OF LESION IN 198 CASES OF OSTEOID OSTEOMA 


TABLE II 


\GE INCIDENCE IN 198 CASES OF OSTEOID OSTEOMA 


Keported Present Total Age Reported Present 


Site 
cases series (vears) Cases series 


Total 


Femur 39 2 1-5 10 
Patella 19 
Tibia 
44 
Scapula 

Humerus 
Forearm 


Hand 


Vertebrae 


Pelvis 


Ribs 


Total 


Over 36 


Not known 


Total 


Twenty case records have been examined, in nineteen of which the diagnosis of osteoid 
osteoma was confirmed by histological examination. This paper is concerned with observations 
made on these records, the examination of the microscopical sections and, whenever possible, 
examination of the patients themselves. 


CLINICAL FEATURES 
Osteoid osteoma affects males more frequently than females. The onset of symptoms is 
usually during the second decade of life although cases have been reported in patients under 
five and over forty vears of age (Table IT). 


* Based on a paper read before the Joint Meeting of Orthopaedic Associations of the English-speaking 
World on June 30, 1952. 
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Pain, which is the outstanding clinical feature of the condition, is characteristically 
severe and poorly localised. It is usually worse at night and many patients have observed 
the peculiar relief obtained from aspirin and codeine tablets (Table III). 

The affected bone may be enlarged and tender over the lesion. Muscle wasting is common 
and, if the lesion is in a lower limb bone, a limp is usually present. Although the skin may 


Fic. 1 
Case 6—Osteoid osteoma of the shaft of the humerus. The lesion is of the 
subperiosteal type which frequently resembles a chronic subperiosteal abscess. 
The slab radiograph shows the cavity which contains the osteoid osteoma, and 
the highly calcified irregular trabeculae within it. 


feel warm over the lesion signs of infection are unusual, but cases with a slight leucocytosis 
and enlargement of the regional lymph glands have been reported (Jackson 1949). There is 
no association with trauma, nor is there any abnormality in serological or blood chemical 
examinations. 


RADIOGRAPHIC APPEARANCE 
The essential radiographic feature of an osteoid osteoma is a zone of bone sclerosis 
surrounding a small area of transradiancy (Fig. 1). The central area is always small, often 
merely a “‘ chink’ in the bone, and never more than one centimetre in diameter; within 
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it may be seen a nidus of irregular calcification (Fig. 3). The zone of sclerosis is pronounced 
if the lesion is in cortical bone or on its surface, particularly in young subjects, and may 
extend far beyond the lesion and, by its density, mask the central area—a difficulty 


overcome by careful positioning, varying penetration and tomography (Fig. 8). Sclerosis 


is poorly marked round a lesion in cancellous bone, but comparison of radiographs of both 


sides reveals its true nature. 


TABLE III 


SYMPTOMS IN TWENTY CASES OF OSTEOID OSTEOMA 


20 


Pain 


Swelling 


Tenderness 


Wasting 


Limp 


First diagnosis “‘ neurosis ”’ 


Relief by aspirin 


CASE REPORT 


Case 1 (Mr J. I. P. James’s case). Osteoid osteoma of phalanx of finger—A girl aged twenty vears 
complained of pain on atteinpting to extend the distal interphalangeal joint of the affected finger, 
of three years’ duration. She associated the onset of pain with a cat scratch. The radiograph 
showed some new bone formation at the base of the terminal phalanx, but the diagnosis was 


uncertain. 
A further radiograph six weeks later showed a small cavity with a ring of sclerosed bone 


around it and irregular calcification inside (Fig. 3). A diagnosis of Brodie’s abscess or osteoid 
osteoma was suggested. At operation the base of the phalanx was found to be enlarged and rather 
soft. The softened area was excised. The patient has remained free of pain. 

Histological examination (Dr H. A. Sissons) showed an osteoid osteoma consisting of delicate 


trabeculae of partly calcified bone embedded in a spindle-celled tissue. 
In certain cases in which the radiological features are difficult to interpret, the 


disproportionately severe symptoms of pain and tenderness may well lead to the diagnosis 


of neurosis. 


CASE REPORT 


Case 2 (Sir Reginald Watson-Jones’s case). Osteoid osteoma of scaphoid bone—A man aged 
thirty-three years complained of pain in the right wrist, beginning three weeks after a fall on to 
the hand. It had been thought that he had fractured the carpal scaphoid bone but, despite 
immobilisation of the wrist for six months, aching pain had persisted and it was so severe that he 
had been taking ten aspirin tablets daily. Thereafter his wrist had been manipulated without benefit. 
He had been told that his disability arose from disuse and that he had ‘‘a very considerable 
functional overlay.’’ In fact he had been discharged from one of the military services as a 
neurotic. Clinical examination disclosed no abnormality in the wrist or hand except for some 
wasting of the small muscles, but radiographs showed a small cystic area in the scaphoid with a 
more dense node which was clearly an osteoid osteoma (Fig. 4). It was removed by drilling 
through the tubercle of the bone, and next morning the patient said that he was entirely free 
of the pain that he had had day and night for two years. There was permanent relief. 


PATHOLOGICAL FEATURES 


The gross appearance of the lesion varies according to its site and size. When the lesion 
is large it appears as a vascular friable mass from three to ten millimetres in diameter varying 


in colour from purple red to light orange and containing gritty particles. This mass lies in a 
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distinct cavity to which it is adherent (Fig. 2). The surrounding sclerotic bone contains many 
blood vessels and the overlying periosteum is thickened. 

Sometimes it is difficult to demonstrate the central lesion even on microscopical 
examination of the sclerosed bone. Serial sections throughout the excised bone may be 
required before the nidus, lying in a mere chink, is discovered. 


Fic. 2 
Case 16—Showing the osteoid osteoma lying in a cavity 
in the sclerosed bone of the tibia. The vascular appearance 
of the lesion can be clearly seen. 


Fic. 3 Fic. 4 
Figure 3. Case 1—Osteoid osteoma of the base of the terminal phalanx 
of the ring finger. The nidus can be seen lying in an area of trans- 
radiancy. The lesion lies in cancellous bone and sclerosis is not a feature. 
Figure 4. Case 2—Osteoid osteoma with well marked nidus in the scaphoid. 


The histological appearance varies with the age of the lesion and its site. In general, 
there is a well circumscribed mass of irregular osteoid tissue lying in a highly vascular stroma 
of connective tissue containing osteoblastic cells (Fig. 5), and surrounding this are thickened 
trabeculae of bone with large vascular systems. There are some irregular calcified trabeculae 
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of new bone lying in the osteoid tissue and in older lesions these are frequently pronounced. 
In general the younger lesions are more highly vascular. There is good evidence that there 
is homogeneous intense osteoblastic activity throughout the lesion (Fig. 6). 


Fic. 5 
Case 12—-Photomicrograph at low magnification. The osteoid osteoma, 
stained with haemotoxylin and eosin, stands out clearly from the surrounding 
cortical bone, which shows evidence of sclerosis. 


Case 12—Photomicrograph at high magnification. The osteoblastic nature 

of the stroma can be clearly seen. There are areas of partly calcified osteoid 

tissue. Vascular spaces are numerous. There is a large giant-cell near the 
centre of the field. 


DIAGNOSIS 


The main causes of difficulty in arriving at a diagnosis of osteoid osteoma are the severity 
of the pain, which may be poorly localised by the patient, and the absence of pronounced 
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radiological changes in the bone when the lesion lies in the spongiosa. Even when a radiographic 
abnormality has been observed its significance may not be appreciated as the pain may be 
referred far from the lesion. Referred pain arises commonly from three sites: 1) the lumbar 
spine, especially when the pars interarticularis is involved; pain is referred to the abdomen 
or into the leg (Case 3); 2) the region of the lesser trochanter of the femur, whence pain is 
commonly referred to the knee (Chandler and 
Kaell 1950); and 3) the posterior aspect of the 
upper third of the tibia, whence pain is referred 
up the thigh to the hip (Vaughan- Jackson 1950). 


CASE REPORT 


Case 3 (Mr LD. M. Dunn's case). Osteoid osteoma 
of second lumbar vertebva—A boy of eighteen 
complained of severe pain in the right side of the 
upper lumbar region which had been noticed first 
five months previously when bending. The patient 
was admitted to hospital where marked spasm of 
the lumbar muscles was observed. The pain later 
radiated to the groin and front of the thigh, which 
was wasted. Radiographs showed an osteolytic 
lesion in the pars interarticularis of the second 
lumbar vertebra (Fig. 7). 

At operation a cherry red mass was found in 
a cavity in the pars interarticularis, which was 
removed with the inferior articular facet which 


was found to be loose. The second lumbar nerve 
root was found to be lying directly under the lesion. 

Histological examination (Professor W. 
Newcomb) showed a vascular osteoid osteoma. The 
patient has remained free from symptoms. 

The differential diagnosis is mainly from an 
inflammatory process, particularly a Brodie's 
abscess or Garre’s type of sclerosing osteomyelitis. 
: Case 3—Osteoid osteoma lying in the pars 
lhese conditions may show similar radiographic  jnterarticularis of the second lumbar vertebra. 
appearances but generally the clinical history !t caused severe radiating pain from pressure 

upon the underlying nerve root. 
will make the diagnosis clear. Eosinophilic 
granuloma may be confused with osteoid osteoma, but these lesions are often multiple and 
usually larger. 
THE NATURAL HISTORY 

There will always be some doubt about the natural history of osteoid osteoma because 
without biopsy the diagnosis cannot be proved and biopsy must change its normal development. 
Nevertheless there is considerable indirect evidence that the condition runs a self-limiting 
course. Sherman (1947) observed that very few examples in patients over thirty years of 
age have been reported. Moberg (1951) pointed out that no case has been reported in which 
an adult has had a persistent area of sclerosis in a bone with an antecedent history suggestive 
of osteoid osteoma. 

The only relevant case of which personal knowledge is available concerns a girl who, 
when thirteen years of age, developed aching in her right shin. The radiograph at that time 
was very suggestive of an osteoid osteoma with widespread bone sclerosis in the tibia. The 
pain gradually became more severe and it was suggested that the tibia should be explored. 
The child’s mother refused to allow this, and so it has been possible to follow the case, so far 
for six years. A recent radiograph still shows a similar appearance, although the symptoms 
have almost disappeared. It is therefore believed, as suggested by Moberg (1951) and Sherman 
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(1947), that an osteoid osteoma is a self-limiting condition running a benign course giving 
symptoms of varying severity over a period of about six years. 

Dockerty, Ghormley and Jackson (1951) reported a case history with features strongly 
suggestive of an osteoid osteoma in the epiphysis at the upper end of the left femur in a girl 
of seven. This case was followed for six years, by which time she was free from symptoms, 
although the radiograph still showed considerable sclerosis. It seems probable that the bone 
sclerosis around the lesion gradually disappears as the trabeculae become reorientated to the 
normal lines of stress. 

DISCUSSION 

There are two clear schools of thought concerning the nature of osteoid osteoma: some 
believe that it is a benign neoplasm, whereas others (Compere 1932, Brown and Ghormley 1943) 
argue that it is an abortive form of osteomyelitis. Jaffe carefully weighed up the available 
evidence and concluded that the lesion must be a benign neoplasm. His evidence is of two 
kinds. First, the histological appearances suggest a neoplastic process; and secondly, the 
condition bears no apparent relation to trauma, infection, metabolic or developmental 
processes. 

If osteoid osteoma is a benign neoplasm, there are three clinical features of the condition 
which demand explanation—namely the severe pain, the widespread bone sclerosis spreading 
well beyond the histological limits of the lesion, and the self-limiting course which the tumour 
appears to run. It seems at first sight that these features are not compatible with the 
behaviour of a neoplasm. However, they may all be explained by its remarkably vascular 
nature. The increased tension which develops in an inflammatory lesion from vasodilation 
and oedema causes pain by the direct stimulation of local nerve endings. Bone lesions 
associated with vasodilation and oedema, such as acute osteomyelitis, Paget’s disease, and 
osteogenic sarcoma, produce pain presumably in the same way by direct stimulation of the 
nerve endings around the intra-osseous vessels. If a microscopical section cut through an 
osteoid osteoma is examined under polarised light the trabeculae can be observed to radiate 
from the central focus to merge at the periphery with the normal trabecular pattern. If it is 
assumed that trabeculae are arranged to withstand the stress to which a bone is subjected, 
this radial arrangement can only mean that an osteoid osteoma exerts pressure upon the 
surrounding bone, presumably because of its vascular nature. This evidence of increased 
pressure suggests that the pain is produced by the highly vascular tumour lying within the 
confines of the sclerosed bony trabeculae (Case 4). 


CASE REPORT 
Case 4 (Mr Philip Wiles’s case). Osteoid osteoma of the second metacarpal—A boy of eighteen 
complained of a lump on the back of the right hand which had appeared a year before. There had 
been a dull pain, worse at night. Radiographs showed a fusiform enlargement of the shaft of the 
metacarpal with patchy sclerosis and irregular trabeculae (Fig. 8) but no definite cavity or nidus 
was visible. A diagnosis of osteoid osteoma was thought probable. 

As a clinical test, a pneumatic tourniquet was applied to the upper arm and inflated to above 
the systolic pressure. This rapidly relieved the discomfort. 

At operation the affected area of the metacarpal shaft was excised except for the palmar 
cortex. A piece of rib from the bone bank was used to repair the defect. 

Histological examination (Dr A. D. Thomson) confirmed the diagnosis of osteoid osteoma. 
Since operation the patient has remained free from symptoms. 


Bone sclerosis extending beyond the histological confines of a bone lesion is not an 
unusual finding. Benign angiomata of bone (Bucy and Capp 1930) are transradiant where 
the vascular neoplastic tissue lies, but around this, in long-standing cases, marked sclerosis 
may be evident. This appearance is found in the “ sun-burst ’’ angioma of long bones, the 
‘soap-bubble "’ angioma of flat bones, as well as the commoner angioma of the vertebral 


bodies. Other conditions may be accompanied by such sclerosis, especially in the young. 
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Cushing (1922), Kolodny (1929), Rowbotham (1939, 1942) and others, discussing the peculiar 
hyperostoses on the skull which accompany an underlying vascular meningioma, have 
suggested that an alteration in the blood supply is the essential factor in producing these 
hyperostoses. Kolodny (1929) and Rowbotham (1939) believed that the vascular lesion puts 
the bone into a state of metabolic activity, particularly around the venous sinuses draining 
the tumour, and commented on the extremely slow growth of the lesions. Kolodny also 
stressed the fact that the most massive reactions occur in the young, stating his belief that 
it is the dilating vascular channels that result in new bone formation. 


Fic. 8 

Case 4—Plain radiograph (left) and a tomograph of the second 

metacarpal. The expansion of the shaft can be seen in the plain 

radiograph, but the exact position of the nidus is apparent only 
in the tomograph. 


Spontaneous retrogression—a_ self-limiting course—is characteristic of cutaneous 
congenital haemangiomata. Thomas (1942), analysing vascular bone tumours, defined 
benign angioma of bone as ‘‘a slow growing highly differentiated tumour, congenital in origin, 
with definite well formed blood vessels and an innate tendency to regress and heal.” It is 
suggested that spontaneous thrombosis is the cause of this self-limiting course of vascular 
haemangiomata, and it may well be that the self-limiting course of an osteoid osteoma is 
due to the spontaneous thrombosis of the blood vessels within it. 


TREATMENT 

There is general agreement that complete excision of an osteoid osteoma is the treatment 
of choice. In five of the cases (12, 15, 16, 17 and 19) reported here the opinion expressed by 
Ponseti and Barta (1947) that incomplete excision leads to the recurrence of symptoms was 
confirmed. Usually the affected bone is easily accessible to surgery and little difficulty is 
experienced in excising completely a block of bone containing the central cavity. Mayer 
(1951) described his treatment of the less accessible lesions and showed how much can be 
done to obtain complete excision by a carefully planned surgical approach. Curettage of the 
cavity is not advised because if it is not thoroughly performed the lesion is liable to recur. 
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CASE REPORT 


Case 5 (Sir Harry Platt’s case). Osteoid osteoma of calcaneum—A girl aged nine complained of 
pain and swelling of the left ankle of one year’s duration, worse for four months. The pain was 
severe. On examination, a soft elastic swelling was observed over the left calcaneum and there 
was obvious wasting of the calf. A diagnosis of low-grade osteomyelitis was entertained and she 
was admitted to hospital. The white blood count was normal. A radiograph showed an area of 
slight sclerosis below the sustentaculum tali with a small transradiant area within it. A further 
radiograph two months later showed marked sclerosis around an apparently cystic area in the 
calcaneum. The symptoms continued in spite of rest in bed. 

At operation the cavity was gouged out of the cancellous bone but a subsequent radiograph 
showed part of the lesion to be still present. Histological examination (Professor S. L. Baker) 
showed the lesion to be an osteoid osteoma. 

The pain recurred and at a further operation the lesion was removed completely. Since then 
the patient has remained free from pain. 

Even if curettage removed the osteoid osteoma completely, considerable difficulty might 
be encountered in the histological interpretation of the damaged material obtained. There is 
a risk that an osteoid osteoma might be mistaken for an osteogenic sarcoma, or vice versa, 
with serious consequences. 

There are situations that are not easily accessible even to the most carefully planned 
exposure. In such a case complete excision of the tumour might result in symptoms more 
severe than those of the original condition. Since it is probable that the symptoms are caused 
by the vascular nature of the lesion, it is suggested that in such exceptional cases a trial 
course of radiotherapy should be used before surgery is attempted. 


CONCLUSIONS 

An osteoid osteoma is a benign neoplasm of bone with distinctive clinical signs and 
symptoms. It is a pathological entity. It behaves in a way peculiar amongst benign tumours 
in that it is painful, causes widespread bone sclerosis outside its histological margins, and 
runs a self-limiting course. These three features are consequent on the highly vascular nature 
of connective tissue matrix in the early stages of the maturing lesion. Pain occurs in other 
highly vascular lesions within a confined space. There is evidence that there is increased 
tension within the sclerosed bone. Certain other vascular lesions within bone result in 
widespread sclerosis outside the confines of the lesion, particularly in young subjects. By 
analogy with the angiomata of skin and bone, spontaneous regression and a self-limiting 
course might be expected. 


SUMMARY 
1. The clinical features in twenty cases of osteoid osteoma have been analysed and compared 
with other cases reported in the literature. 
2. The lesion is regarded as a benign neoplasm and its unusual clinical behaviour is attributed 
to its vascular nature. 


3. The frequency with which an erroneous diagnosis of ‘‘ neurosis ’’ is made is stressed. 


My thanks are due to the surgeons who have allowed me to examine the records of their cases and whose 
names appear in the text. I particularly acknowledge the help given me by Sir Reginald Watson-Jones 
who instigated this work, and by Professor S. L. Baker and Dr H. A. Sissons who have advised me on 
much of the pathological material. 


REFERENCES 
Brown, R. C., and GHORMLEY, R. K. (1943): Solitary eccentric (cortical) abscess in bone. Surgery, 14, 541. 
Bucy, P. C., and Capp, C. S. (1930): Primary Hemangioma of Bone. American Journal of Roentgenology, 
23, 1. 

CHANDLER, F. A., and KAkgLt, H. I. (1950): Osteoid-Osteoma. Archives of Surgery, 60, 294. 

ComPERE, E. L. (1932): Streptococcus viridans Osteomyelitis. Journal of Bone and Joint Surgery, 14, 244. 
CusHiING, H. (1922): The Cranial Hyperostoses Produced by Meningeal Endotheliomas. Archives of 
Neurology and Psychiatry, 8, 139. 


THE JOURNAL OF BONE AND JOINT SURGERY 


THE NATURAL HISTORY OF OSTEOID OSTEOMA 


Annals of Surgery, 


DocxertTy, M. B., GHORMLEY, R. K., and Jackson, A. E. (1951): Osteoid Osteoma. 
133, 77. 

Jackson, A. E. (1949): Osteoid Osteoma: A Clinical Study of 20 Cases. Proceedings of the Staff Meetings 
of the Mayo Clinic, 24, 380. 

Jarre, H. L. (1935): ‘‘ Osteoid-Osteoma.”’ Archives of Surgery, 31, 709. 

Jarre, H. L. (1945): Osteoid-Osteoma of Bone. Radiology, 45, 319. 

Jarre, H. L., and LicHTENsTEIN, L. (1940): Osteoid Osteoma: Further Experience with this Benign Tumor 
of Bone. Journal of Bone and Joint Surgery, 22, 645. 

Ko.topny, A. (1929): Cranial Changes Associated with Meningioma. Surgery, Gynecology and Obstetrics, 
48, 231. 

MACKENZIE, W. (1947): Painful, non-suppurative, localized Sclerosis of the Long Bones. Journal of Bone 
and Joint Surgery, 29, 49. 

Mayer, L. (1951): Surgery of Osteoid Osteoma. Bulletin of the Hospital for Joint Diseases, 12, 174. 
MoBeErg, E. (1951): The Natural Course of Osteoid Osteoma. Journal of Bone and Joint Surgery, 33—A, 166. 
PatmerR, I. (1945): A Peculiar Bone Tumour. Acta Chirurgica Scandinavica, 92, 387. 

PonsetI, I., and Barta, C. K. (1947): Osteoid Osteoma. Journal of Bone and Joint Surgery, 29, 767. 
RowsoTuHaM, G. F. (1939): The Hyperostoses in Relation with the Meningiomas. British Journal of Surgery, 
26, 593. 

RowsortHaM, G. F. (1942): Haemangiomata arising in the Bones of the Skull. British Journal of Surgery, 
30, 1. 

SHERMAN, M. S. (1944): Capillary Hemangioma of Bone. Archives of Pathology, 38, 158. 

SHERMAN, M. S. (1947): Osteoid Osteoma Associated with Changes in Adjacent Joint. Journal of Bone 
and Joint Surgery, 29, 483. 

SHERMAN, M. S. (1947): Osteoid Osteoma. Journal of Bone and Joint Surgery, 29, 918. 

Tuomas, A. (1942): Vascular Tumors of Bone. Surgery, Gynecology and Obstetrics, 74, 777. 
VAUGHAN-Jackson, O. J. (1950): Osteoid Osteoma with Unusual Symptoms. Journal of Bone and Joint 
Surgery, 32-B, 368, 
APPENDIX 
SUMMARISED REPORTS OF THE REMAINING 15 CASES UPON WHICH THE PAPER IS BASED 


Case 6 (Sir Harry Platt’s case). Osteoid osteoma of huamerus—A man aged twenty-eight complained 
of constant aching pain in the upper arm of nine months’ duration. The pain was not related to 
activity. On examination the only abnormal physical sign was an area of tenderness over the outer 
aspect of the middle third of the shaft of the humerus where a small elevation was palpable. 

At operation a superficial cortical defect was observed. This was excised with a block of bone 
including the whole lesion. He has been free of pain since the operation. 

Histological examination (Dr J. Ball) confirmed osteoid osteoma. There was a nodule of 
osteoid tissue five millimetres in diameter embedded in dense cortical bone. There was some new 
bone formation in the centre of the nodule and the surrounding cortex showed evidence of 
absorption and deposition of new bone rather similar to that seen in Paget’s disease. 

Case 7 (Sir Reginald Watson-Jones’s case). Osteoid osteoma of metacarpal—A boy aged thirteen 
complained of pain in the hand of three months’ duration. On examination, no swelling was 
palpable. A radiograph showed fusiform expansion of the shaft of the third metacarpal which 
was thickened and somewhat sclerosed. Rest in plaster relieved the pain except when the hand 
was warm. At a subsequent review the diagnosis of osteoid osteoma was made. The lesion 
was excised. When the patient was last seen nine months after operation he was free of pain. 
Histological examination of the specimen showed an osteoid osteoma mainly ossifying and partly 
incorporated in the corticalis. 

Case 8 (Sir Reginald Watson-Jones’s case). Osteoid osteoma of the second lumbar vertebva—A man 
aged twenty-seven complained of a dull ache in the upper lumbar region of two years’ duration. 
The pain radiated round the right side of the pelvis to the lateral aspect of the thigh. It was severe 
at night and was relieved by taking aspirin. On examination a scar at the level of the upper lumbar 
spine was found where the area had been explored a year previously for a suspected bomb fragment. 
There was a marked right scoliosis. Hyperextension and flexion of the lumbar spine were limited. 
Radiographs showed narrowing of the intervertebral discs but no other abnormality. The pain 
persisted despite a spinal support. Further radiographs six weeks later including tomograms by 
Dr Campbell Golding showed a lesion involving the inferior articular process and lamina on the 
right side of the second lumbar vertebra. 

At operation a cavity was found in the pars interarticularis and inferior articular process. 
The walls of the cavity were sclerosed and the surrounding tissue was fibrotic and adherent to 
The cavity was curetted. The tissue removed resembled subperiosteal callus. Since 


the bone. 


voL. 36 B, no. 2. May 1954 


: 
4 
J 
: 


228 J. S. R. GOLDING 


the operation the patient has remained free of pain. Histological examination showed anastomosing 
trabeculae of osteoid tissue and woven bone separated by fibrous tissue and containing numerous 
osteoblasts and fewer osteoclasts. 

Case 9 (Lt.-Col. R. Stevens's case). Osteoid osteoma of femur—A man aged twenty-five complained 
of pain in the left thigh of three years’ duration. The pain was a severe ache, worse after exercise, 
and it radiated from the upper thigh to the knee. It was relieved by aspirin. He had visited many 
medical officers in the Forces and six months previously had been admitted to a Naval hospital 
under the care of a psychiatrist. On examination there was slight wasting of the thigh with 
tenderness over the antero-lateral aspect of the lower third of the femur. A radiograph showed a 
fusiform enlargement of the lower third of the femur with considerable sclerosis around a small 
cavity typical of an osteoid osteoma. 

At operation (Lt.-Col. Marsden) the lesion was excised from the femur in a block of bone. 

Histological examination confirmed osteoid osteoma. 
Case 10 (Mr P. H. Newman’s case). Osteoid osteoma of femur—aA girl aged fourteen complained 
of a severe worsening deep ache in the front of the left thigh of three months’ duration. The pain 
tended to shoot into the buttock and down the front of the leg to the ankle. The pain hindered 
sleep, but it was relieved by aspirin. On examination the only abnormality was slight tenderness 
over the anterior and lateral aspect of the thigh. Radiographs showed marked sclerosis on the 
medial surface of the mid-shaft of the femur with a small chink-like area suggestive of a cavity 
within it. A diagnosis of osteoid osteoma was made. 

At operation massive sclerosis was encountered. No definite nidus was seen although one 

area was found to be softer than the rest; the whole was excised. The patient has remained free 
of pain since operation. Histological examination confirmed the diagnosis (Dr A. D. Thomson). 
Case 11 (Lt.-Col. C. Marsden’s case). Osteoid osteoma of tibia—A boy aged eighteen complained 
of an aching pain in the right tibia, which had begun eight months before. The onset followed a 
kick. The pain was a dull ache, severe at night. Radiographs showed sclerosis in the uppermost 
third of the tibia, which was enlarged on its subcutaneous aspect, and a cavity with an irregular 
area of sclerosis within it. At operation the cavity was found to be lying in dense sclerosed bone. 
It contained a cherry red area of gritty friable material with a dense white central nidus. The 
patient has remained free of pain. The histological report confirmed that the lesion was an osteoid 
osteoma. 
Case 12 (Mr E. A. Nicoll’s case). Osteoid osteoma of tibia—A man aged twenty-six complained of 
severe aching pain in the left shin for one year. The pain was worse at night but was relieved 
by aspirin. A radiograph showed extensive sclerosis around a small cavity. A small central nidus 
was visible. A diagnosis of osteoid osteoma was made. 

At operation the lesion was excised and a soft red-brown gritty nidus was identified. The 

patient has remained free of pain. Histological examination (Figs. 5 and 6) showed a vascular 
matrix of spindle cells with numerous osteoclasts. There were irregular trabeculae of osteoid tissue 
and areas showed marked calcification. 
Case 13 (Lt.-Col. C. Marsden’s case). Osteoid osteoma of tibia—A boy of eighteen complained of 
a severe aching pain in the lowest third of the left tibia for six months. The pain started one month 
after a kick on the shin. It was worse at night and was relieved by aspirin. A radiograph showed 
marked sclerosis around a small cavity in the lowest third of the tibia. 

At operation the central lesion was seen to be pale pink in colour and friable. A local excision 

was carried out. The patient was free of pain for a month, during which time the histological 
examination had confirmed the diagnosis of osteoid osteoma. The pain recurred and it was decided 
to re-explore the lesion. The whole area was excised, since when the patient has remained free 
of pain. 
Case 14 (Mr John Charnley’s case). Osteoid osteoma of tibia—A boy aged fourteen complained of 
a tender swelling over the front of the left tibia. Five years previously he had fallen and bruised 
the left shin and there had been a small lump at this site ever since. On examination there was a 
fusiform swelling of the anterior surface of the tibia and the temperature of the overlying skin 
was increased. A radiograph showed an extensive area of sclerosis in the tibia but no cavity was 
visible. In the next six months the swelling increased and the patient complained of a dull ache. 
A later radiograph showed a central cavity within the dense sclerosed bone. A diagnosis of osteoid 
osteoma was made. 

At operation the tibia was explored by removing slices of bone over the apex of the swelling. 
These slices were seen to be heavily penetrated with blood vessels which gave the bone a porous 
appearance. There was seen to be an area communicating with the marrow cavity containing 
dark red material resembling an old haematoma. Since the operation the patient has been free 
of symptoms. 
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Case 15 (Mr John Charnley’s case). Osteoid osteoma of tibia—A girl aged thirteen complained of 
pain and swelling over the left tibia, of six months’ duration. A limp developed. On examination 
there was tenderness below the tibial tubercle, and thickening of the tibia in its middle third. 
A radiograph showed dense sclerosis and fusiform expansion of the shaft of the bone with a smaller 
cystic space within the zone of sclerosis. A diagnosis of osteoid osteoma was made but the child's 
mother refused to allow her admission to hospital. Six months later the pain had become more 
severe and operation was consented to. At operation the tibia was seen to consist of solid cortical 
bone with no definite medullary cavity. Since the operation the patient has remained free of pain. 
The specimen was examined by Professor S. L. Baker, who reported that there was a network of 
osteoid tissue in a vascular spindle cell matrix. There was evidence of great osteoblastic activity 
around the areas of osteoid tissue. 

Case 16 (Sir Reginald Watson-Jones’s case). Osteoid osteoma of tibia—A man aged twenty-three 
complained of severe aching pain in the right tibia of three years’ duration. There was no history 
of injury. The pain was relieved by aspirin. A diagnosis of chronic osteomyelitis had previously 
been made elsewhere and the bone had been drilled with temporary relief of pain. It had then been 
suggested that it was a Ewing's sarcoma and amputation had been proposed. Radiographs showed 
dense sclerosis and subperiosteal new bone formation surrounding a slit-like defect in the lower shaft 
of the tibia with an enclosed area of condensation. When the bone was exposed there was brown 
pigmentation of the overlying periosteum. The cortical bone was extraordinarily hard and dense, and 
with much difficulty it was chiselled away until a bright red vascular nodule like a raspberry was 
disclosed and removed (Fig. 2). Histological appearance was typical. In the three years since opera- 
tion there has been no recurrence of pain and radiographs now show resorption of the sclerosed bone. 
Case 17 (Mr J. C. R. Hindenach’s case). Osteoid osteoma of tibia—A boy aged thirteen complained 
of three months’ pain from the left knee to the ankle, worse at night and relieved by exercise. 
On examination there was a tender enlargement of the middle third of the postero-medial aspect 
of the tibia. The overlying skin was warmer than normal. Radiographs showed subperiosteal 
new bone formation and sclerosis at the middle third of the tibia. No transradiant area was visible. 
Biopsy showed osteoid osteoma. At operation a cavity containing plum-coloured gritty material 
was exposed within dense sclerosed bone. The lesion was excised. The patient has remained free 
of pain. Histological examination showed a highly cellular and vascular stroma with giant cells 
and areas of calcification and ossification. The osteoid tissue was less pronounced than usual but 
the appearances were typical of an osteoid osteoma. 

Case 18 (Sir Harry Platt’s case). Osteoid osteoma of tibia—A girl aged thirteen years complained 
of seven months’ pain in the right leg. The pain was severe at night. On examination there was a 
tender thickening of the middle third of the tibia. Radiographs showed dense cortical thickening 
and sclerosis around a small rather ill-defined area of transradiancy. 

At operation the affected area was “ guttered.’’ The periosteum was a little thick and the 

surface of the cortical bone appeared unusually dense. The patient was relieved of pain for a few 
months but it gradually recurred. At a further operation the whole sclerotic area was excised. 
Thereafter she was free of pain. Histological examination (Professor S. L. Baker) showed the 
typical appearance of osteoid osteoma. 
Case 19 (Mr R. Roaf’s case). Osteoid osteoma of fibula—A boy aged sixteen complained of increasing 
pain in the right ankle of nine months’ duration. On examination the only abnormal finding was 
some thickening around the lower end of the left fibula. A radiograph showed a cavity surrounded 
by a zone of sclerosis with enlargement of the fibula about three inches above the ankle. A Brodie’s 
abscess was suspected because no nidus was seen within the cavity. 

At operation the cavity was found to contain yellowish putty-like material lying in normal 

marrow. The whole of the area was removed. The patient has been relieved of all symptoms. 
Histological examination showed a vascular spindle-cell stroma with much osteoid tissue and 
early calcification. Many osteoclasts were present. 
Case 20 (Mr K. I. Nissen’s case). Osteoid osteoma of metatarsal—A man aged twenty-one complained 
of increasing pain and swelling of the forefoot, arising one year previously after a blow. The pain 
was relieved by codeine tablets. A diagnosis of an old march fracture had been suggested. On 
examination there was palpable swelling over the distal half of the second metatarsal which was 
slightly tender. A radiograph showed what appeared to be a small cavity within a zone of dense 
sclerosis in the metatarsal. 

At operation a pink mass of gritty material was seen to be occupying the shaft of the second 
metatarsal. The surrounding bone was sclerosed. The lesion was excised. The patient has remained 
free of pain. Histological examination (Dr H. A. Sissons) showed a central focus of woven bone 
and fibrous tissue rich in osteoclast giant cells and highly vascular. Bone erosion was proceeding 

at the margin of the central focus but the surrounding cortex showed diffuse sclerosis. 


voL. 36 B, no. 2, May 1954 


| 
oF 
; 


A RADICULAR SYNDROME FROM DEVELOPMENTAL NARROWING 
OF THE LUMBAR VERTEBRAL CANAL 


H. VERBIEST, UTRECHT, HOLLAND 


From the Department of Neurosurgery, University Hospital, Utrecht 


Narrowing of the bony vertebral canal as a cause of compression of the spinal cord or of 
the cauda equina may be the result of bone disease, such as chondrodystrophia foetalis 
(Sumita 1910, Vogl and Osborne 1949, Spillane 1952) or of a developmental anomaly. In 
cases of developmental anomaly the narrowing of the canal may be associated with other 
bony deformities at the same level or at a different level of the vertebral column. Sarpyener 
(1947) described congenital stenosis of the vertebral canal associated with spina bifida. 
In his experience the narrowing of the canal was often found at a considerable distance 
from the spina bifida. In a later publication he described a small number of cases in which 
this narrowing occurred without any other developmental anomalies of the vertebral column. 

In 1949 the author reported a particular form of narrowing of the lumbar vertebral 
canal not associated with any other anomaly of the spine. All the patients were men, and 
the age of onset of symptoms varied from thirty-seven to sixty-seven. The symptoms 
were characteristic. On walking and standing these patients presented signs of disturbance 
of the cauda equina: bilateral radicular pains, disturbances of sensation and impairment of 
motor power in the legs. When the patient was recumbent the symptoms immediately 
disappeared and neurological examination during rest revealed nothing abnormal. At first 
sight the complaints could be misinterpreted as intermittent claudication of vascular origin. 
It was not possible to recognise the anomaly in plain radiographs. Myelography showed a 
block with the appearance of extradural compression. Sometimes the form of the lower part 
of the column of radio-opaque fluid seemed to suggest a gradual narrowing of the vertebral 
canal, which was confirmed at operation. 

In this paper our experience of seven cases of this anomaly is reported. Study of the 
earlier cases was less elaborate because the nature of the abnormality was not at first 
recognised. In the last four cases the diagnosis was made before operation and thus we had 
an opportunity to improve our method of examination. 


CASE REPORTS 


Case 1. Narrowing of the spinal canal at L.1, 2 and 3—A man aged thirty-seven complained of 
low back pain radiating to the left buttock and the back of the left thigh, sometimes also to the 
right side, of eighteen months’ duration. The pain began only on standing and walking and 
disappeared at rest. On examination the only positive clinical sign was slight reduction of the 
left patellar reflex. Radiographs showed left lumbar scoliosis centred at L.3. 

Lumbar puncture—The fluid was clear and colourless; the Queckenstedt test was normal; cells 
were 6/3 per cubic millimetre; protein was 31 milligrams per 100 cubic centimetres; the Nonne 
and Pandy tests were negative. 

Myelography (lipiodol injected by lumbar puncture) showed slow passage of the fluid to the level 
of L.4—5 and a block at the upper border of L.4 (Trendelenburg position) (Fig. 1). The right border 
of the lipiodol column sloped towards the medial plane. In the lateral view the lipiodol column 
tapered off to a point; its anterior border was close to the vertebtal body, and the posterior border 
sloped towards the anterior one (Fig. 2). 

Opevation—The vertebral canal was very narrow from the level of the caudal half of L.1-3. 
In this region the peridural space was absent, whereas more cranialwards it was normal. After 
laminectomy in the narrowed area the dura expanded. Exploration of the intervertebral discs 
showed no abnormality. The removed laminae were heavy, but the bone appeared to be normal. 
Progress—Since the operation five years ago the patient has remained free from complaints. 
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A man 


Case 2. Narrowing of the spinal canal at L.4 and 5, with narrowing of the dural sheath 
aged forty-four complained of pain in the lumbar region of two years’ duration. When standing 
he suffered from paraesthesiae in the legs and buttocks, then lost power in the legs and fell down. 


1 FiG. 
Case 1—Myelograms. Obstruction to upward flow of opaque fluid at the upper border 
of L.4. (Patient in Trendelenburg position.) Note in the lateral radiograph the pointed 
apex of the advancing fluid. The anterior border of the fluid lies close to the vertebral 
body; the posterior border slopes towards the anterior. 


Fic. 3 
Case 3. Figure 3—Myelogram. Obstruction to upward flow of opaque fluid at level 
of pedicles of L.4, with filling defect at the posterior border. (Patient in Trendelen- 
burg position.) Case 4. Figure 4—Myelogram. Obstruction to downward flow of 
opaque fluid at the lower margin of L.3. The lateral borders of the opaque shadow 
slant slightly towards the mid-line. 


While walking he suffered from severe pains in the buttocks and thighs, forcing him to stop. 
On examination there was atrophy of all the muscles of the left lower limb. The patellar reflex 


was more lively on the right. The calcaneal tendon reflex was absent on both sides. The Laségue test 
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was negative on the right and positive on the left at 90 degrees. There was hypalgesia in the fourth 
left lumbar dermatome. Examination of the spine showed spasm of the lumbo-sacral muscles on 
the left. Flexion and rotation of the lumbar spine were restricted. Plain radiographs of the lumbar 
spine showed heavily developed vertebrae. Lumbar puncture—The spinal fluid was clear and 
colourless. The Nonne and Pandy tests were positive. Protein was 72 milligrams per 100 cubic 
centimetres. The Queckenstedt test gave only a slow and low response. Cisternal puncture—The 
fluid was clear and colourless. The Nonne and Pandy tests were positive. Protein 43 milligrams 
per 100 cubic centimetres. 

Myelography (lipiodol injected by lumbar puncture) showed a block at the upper border of L.5 
(Trendelenburg position). 

Operation—The vertebral canal was very narrow at the level of L.4 and 5. After removal of the 
heavy laminae the dural sheath did not expand sufficiently. It was opened by a longitudinal 
incision as a means of decompression. No disc protrusion and no signs of bone disease were noticed. 
Progress—Since the operation five years ago the patient has remained free from symptoms. 

Case 3. Narrowing of the spinal canal at L.4; narrowing and congenital anomaly of the dural sheath— 
A man aged forty-eight years complained of sciatic pains in both lower limbs while standing or 
walking. The pains disappeared on sitting or lying down. On examination, the patellar reflexes 
were normal but the calcaneal tendon reflex was absent on the right. There was no loss of motor 
power. Apart from a slight disturbance of vibratory sense on both sides there was no disturbance 
of sensibility. The Laségue test was positive on both sides at 75 degrees. Examination of the 
spine showed restriction of lumbar movements, especially extension. Plain radiographs showed 
hemisacralisation of the fifth lumbar vertebra on the left side. The vertebral column was well 
developed. Osteoarthritic changes were present. Lumbar puncture—The spinal fluid was clear 
and colourless. The Queckenstedt test was normal. The Nonne and Pandy tests were positive. 
Protein was 84 milligrams per 100 cubic centimetres. 

Myelography (lipiodol injected by lumbar puncture, Trendelenburg position) showed a block at 
L.4. In the lateral view the block was uneven: in the anterior part of the vertebral canal the fluid 
extended as far as the pedicles of L.4, whereas in the posterior part of the canal it stopped at 
about the level of the lower border of the laminae of L.4. The fluid column thus showed a posterior 
filling defect in the area of the laminae of L.4 (Fig. 3). 

Operation—The vertebral canal was very narrow at the level of L.4. After laminectomy at that 
level an unusual malformation of the dural sheath was apparent—namely a constriction and a 
cone-shaped pouch on the posterior aspect. The caudal roots protruded as soon as the dural 
sheath was opened. It was therefore left open and covered with ‘‘ Gelfoam.’”’ As in the foregoing 
cases, the removed laminae were heavily developed, but the bone seemed to be normal. 
Progress—Since the operation four and a half years ago the patient has been free from complaints. 
Case 4. Narrowing of the spinal canal at L.3 and 4—A man aged sixty-one complained of 
paraesthesiae on the lateral side of the left foot which occurred when he walked a short distance. 
The paraesthesiae spread upwards along the postero-lateral side of the leg and the lateral side of 
the thigh to the buttock. At times he had similar sensations in the right leg. These sensations, 
accompanied by a feeling of tiredness, made him stop. After a short rest the sensations disappeared. 
The distance he could cover without complaints varied greatly. Coughing or abdominal pressure 
had no influence on his complaints. The patient had suffered for years from diabetes, which was 
kept under control by dieting and insulin. Six years previously he had been treated for gangrene 
of the toes. On examination there were no neurological signs. Oscillometry on the legs gave 
normal values, despite the presence of obvious arterial inadequacy in the feet. There was no clinical 
abnormality in the spine. Plain radiographs showed osteoarthritis in the thoraco-lumbar region, 
with osteophyte formation. Lumbar puncture—The spinal fluid was clear. The Queckenstedt test 
showed a small and slow rise of pressure followed by a slow decline. The Nonne and Pandy tests 
were positive. Protein content was 136 milligrams per 100 cubic centimetres. Cisternal puncture 
Nonne and Pandy tests were negative. 

Myelography (lipiodol injected by cisternal puncture)—There was a block at L.3 (Fig. 4). In the 
lateral view the block appeared to be localised at the level of the lower border of L.3. After 
twenty-four hours’ rest in bed the fluid passed the obstruction. 

Operation—tThe vertebral canal was very narrow at the level of L.4 and at the lower border of L.3. 
After removal of the laminae of L.4 and of the lower border of L.3 the dural sac was still compressed 
by the bulging articular processes between L.3 and 4. The medial parts of these processes were 
removed, after which the dura expanded and pulsated. 

Progress—After the operation the patient complained of low back pain, which disappeared with 
physical therapy within six months. Since then he has been able to do his work and remains free 
from complaints four years after the operation. 
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Comment—The coincidence of vascular disease in the feet 

was confusing, because it suggested that the patient’s 

complaints of paraesthesiae and tiredness when walking 

might arise from vascular disease. The absence of 

neurological signs did not make _ diagnosis easier. 

Nevertheless the normal oscillometric values, the slow 

response of the spinal fluid pressure to jugular compression, 

the high protein content of the spinal fluid, and the block 

found at myelography indicated the presence of narrowing 

of the lumbar vertebral canal. 

Case 5. Narrowing of the spinal canal at L.3, 4 and 5—A 

man aged forty-six complained of painful anaesthesia and 

loss of power in both legs after long standing or walking, 

of four years’ duration. The symptoms disappeared 

immediately at rest. On examination there were no motor 

or reflex signs but there was an unusual disturbance of 

sensibility. When standing or walking a_ bilateral 

anaesthesia developed in the third, fourth and fifth sacral 

dermatomes as well as in the right second sacral 

dermatome. These disturbances disappeared promptly 

when he sat or lay down. Lumbar spinal movements 

were limited. Plain radiographs showed heavily developed 

vertebrae and osteoarthritic changes at L.3—4, L.4—5 and 

L.5-S.1. Lumbar puncture had been performed elsewhere. 

Case 5—Myelogram. Obstruction to 

upward flow of opaque fluid at L.5. The Examination of the fluid revealed no abnormalities. 

anterior part of the fluid column reaches Mvyelography (Trendelenburg position)—There was a block 

the pedicles, whereas the posterior part at the upper border of the laminae of L.5. Anteriorly the 

is stopped at the level of the laminae. lipiodol column reached as far as the pedicles of L.5, whereas 

posteriorly it stopped more caudal (Fig. 5). A diagnosis of 
narrowness of the lumbar vertebral canal was made. 

Opevation—The vertebral canal was exceptionally narrow at the level of L.3, 4 and 5. After 

laminectomy in this area the dural sheath appeared to be compressed by the articular processes. 

Only after removal of the medial part of the processes did the dura expand sufficiently. 

Progvess—The patient was completely relieved. Two years after the operation he took part in a 

25-kilometre walking tour without any trouble and at 

the last check four years after operation he was still 

completely free from complaints. 

Case 6. Narrowing of L.3, 4 and 5—A man aged fifty- 

eight complained for eighteen months of pain in the legs, 

occurring when standing or walking and immediately 

disappearing at rest. The pains were localised in the 

calves and at times radiated to the buttocks. When the 

patient continued to walk in spite of the pain, the legs 

became weak, and the gait was staggering. There was no 

lumbar pain. On examination the Laségue test was 

positive on the right side at 45 degrees and on the left at 

70 degrees. There were no other neurological signs. 

Oscillometry of the legs gave normal values. Spinal 

movements were full, but on bending forwards pain was 

felt in the area of L.5. Plain radiographs showed heavily 


Fic. 5 


developed vertebrae. There was left lumbar scoliosis 

with its centre at L.4 and with rotation of the bodies to 

the left. There was slight lateral shift of L.4 on L.5, and 

there was lipping of the anterior margins of the vertebral 

bodies of L.3, 4 and 5. Tomographs showed that the 

antero-posterior diameter of the vertebrae was unusually 

small at L.4 and 5. Lumbar puncture—The fluid was clear 

and colourless; the Queckenstedt test was normal. Cells 

4/3; protein 24 milligrams per 100 cubic centimetres. : 

‘The downward flow of opaque fluid at lower 
AM yelography 1e lipiodol injected by cisternal puncture margin of L.3. Note slanting border of 
passed slowly to the level of the lower border of L.3, the fluid shadow on the left. 


Case 6—Myelogram. Obstruction to 
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where there was a complete block. In the antero-posterior radiograph the lower border 
of the column had a toothed appearance and the left border slanted towards the medial 
plane; the right border was perpendicular (Fig. 6). In the lateral view the column tapered to a 
point on the lower border. A diagnosis of narrowing of the lumbar vertebral canal was made. 
Operation—The canal was unusually narrow at L.3, 4 and 5. After laminectomy in this region 
the dural sheath still appeared to be laterally compressed by the articular processes between 
L.3 and 4. Removal of the medial part of these processes allowed the dura to expand completely. 
Progress—Since the operation two and a half years ago the patient has been able to do his work 
which entails long hours of standing, and to take long walks without symptoms. 

Case 7. Narrowing of the spinal canal at L.2, 3, 4 and 5—A man of sixty-seven complained of 
tiredness in both legs with pains in the calves and paraesthesiae in the toes when walking. After 
three minutes he was obliged to stop because of feebleness and pains in the legs. These disturbances 


Fic. 7 Fic. 8 
Case 7—Myelograms. Obstruction to downward flow of opaque fluid at lower 
margin of L.2. 


had been present for twelve years. In the last few months before the examination he also complained 
of pains in the legs at night. Neurological examination revealed no abnormalities. Oscillometry 
showed normal oscillations of the upper and lower legs and normal pulsations of the dorsalis 
pedis artery. The colour of the feet was normal. The Buerger test showed no abnormalities. 
Normal venous filling test: right leg 15 seconds; left leg 20 seconds. The history was suggestive 
of intermittent claudication from vascular disease. But, since the examination did not give support 
to this supposition, the possibility of narrowing of the lumbar vertebral canal was considered. 
Examination of the spine showed flattenirg in the lumbar region and some limitation of movements. 
Plain radiographs showed lumbar scoliosis with rotation of the bodies to the right. Lumbay 
puncture—Only a few drops of fluid could be obtained in spite of repeated punctures. The 
Queckenstedt test was negative. Cells 5/3; protein 26 milligrams per 100 cubic centimetres. 
Myelography (lipiodol injected suboccipitally)—There was a complete block at the lower border 
of L.2. The oil passed the impediment after the patient had rested (Figs. 7 and 8). 
Operation (with Dr Mulder of the Anna Clinic, Leyden)—The spinal canal was narrow at the level 
of L.2, 3, 4 and 5. After laminectomy in this area the dural sheath appeared to be compressed 
laterally by the articular processes between L.2-3, L.3-4 and L.4-5. After removal of the medial 
part of these processes the dura expanded completely and pulsated normally. Before the laminae 
were removed the length of the perpendicular from the upper border of the vertebral arch to the 
vertebral body was measured at L.3 and 4. These lengths were 15 and 13 millimetres respectively. 
Progress—The post-operative period is too short to allow assessment of the result. 
DISCUSSION 

All seven patients were men; their ages at the time of treatment varied from thirty-seven 
to sixty-seven and the first complaints appeared between thirty-five and fifty-six. All patients 
were of a hyperplastic normosome type. 
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Clinical picture—The most typical symptoms were: tiredness and loss of power in the legs 
(Cases 2, 4, 5, 6 and 7), anaesthesia and a feeling of numbness in the sacral dermatomes 
(Case 5), and bilateral sciatica (Cases 1, 2, 3, 6 and 7). The symptoms were present only on 
standing or walking. Orthostatic lumbar pain was the main symptom in Case 1. 

In some patients the disturbances while walking had a resemblance to intermittent 
claudication as seen in vascular disease. After walking for a while they had to stop because 
of severe pain in the calves; after a short rest they were able to continue. For this reason 
the patient in Case 6 had been treated for some time for supposed arterial insufficiency. 

While at rest the patients had no complaints, except in Case 7, in which the patient 
had suffered from pains in the legs at night. Neurological examination showed nothing 
characteristic. The Las¢gue sign was negative in four patients, slightly positive in two and 
positive in one. Tendon reflexes were normal in some patients and reduced or absent in 
others. Only in one patient were movements as well as posture of the vertebral column 
entirely normal. The orthostatic factor in the origin of the symptoms may be explained by 
an increase of compression during the upright position. This view is supported by the 
myelographic and spinal fluid findings in some of the patients. 

The cerebro-spinal fluid—In four cases the Queckenstedt test was normal. There was probably 
less compression in the horizontal position in which the lumbar puncture was performed. 
In three cases the protein content of the spinal fluid was moderately increased; in the other 
four it was normal. The frequent finding of a normal protein content could be explained by 
the fact that a complete block existed in the upright position only. 

Radiographic findings—It is very difficult to obtain exact measurements of the diameters of 
the spinal canal from radiographs. The lumbar spinal canal has the form of a pentagon, 
with its greatest diameter between the pedicles. Behind the pedicles its width is determined 
by the articular processes and the interlaminar angle. The distance between the pedicles 
can be measured on radiographs, but neither the measurement of the distance between the 
articular processes nor that of the interlaminer angle can be determined accurately. The 
interpedicular distance was measured in our seven patients. The measurements, compared 
with those determined by radiographic examination of 100 Netherlanders free from spinal 
disease, appeared to be normal. We therefore concluded that the narrowing could be 
accounted for only by a reduced antero-posterior diameter or by constriction of the canal 
behind the pedicles. We could not obtain measurements of these parts of the canal on the 
routine radiographs. Stereoscopic views were of little help in this respect. Tomography 
was used in two cases, but it was difficult to obtain reliable sagittal projections, because of 
scoliosis of the lumbar spine in most of the patients. 

Myelography—An absolute block was found in all seven patients. In some patients the 
films were taken after lumbar, in others after cisternal, injection of lipiodol. In all patients 
the block had the characteristics of extradural compression and was toothed or fringed, 
as seen in the antero-posterior projection. In some patients lateral compression by the 
articular processes was suggested by the slanting of the lateral borders of the lipiodol column 
(Cases 4 and 6). In the lateral projections in Cases 3 and 5 (taken in the Trendelenburg 
position) the anterior part of the lipiodol column reached as far as the pedicles, whereas the 
posterior part was blocked at a more caudal level. In the other patients the block was at 
the edge of a vertebral body and suggested the presence of a disc protrusion. In all these 
cases, however, the anterior limit of the lipiodol was close to the vertebral body and was not 
pushed backwards. 

In Cases 4 and 7, in which myelography was not followed immediately by operation, 
the lipiodol had passed the impediment after the patient had rested in bed, showing an 
orthostatic influence on the degree of compression. 

Findings at operation—The extent of the narrowing is represented schematically in Figure 9. 
In two patients (Cases 2 and 3) the dural sheath showed a constriction which did not disappear 
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after removal of the bony compression; in Case 2 there was also a posterior cone-shaped 
diverticulum of the dura. In every patient the exploration of the vertebral canal began with 
the removal of the ligamentum flavum and of the lower and upper borders of the adjacent 
vertebral arches. After this the dural sac was palpated and in all cases a characteristic doughy 
consistency was felt; this was attributed to the reduced quantity of spinal fluid in the dural 
sac. The next stage was to remove the laminae in the narrowed area. In Cases 4, 5, 6 and 7 
laminectomy alone did not give sufficient decompression, and the medial part of the articular 
processes had to be removed as well. The operative reports of the first three cases are less 
precise because the nature of the pathological condition was not recognised until later. 


2. L.3. L.4. 


Case 1 


Case 2 


Case 3 


Case 4 


Case 5 


Case 6 


Case 7 


Fic. 9 

To show the extent of the narrowing as found at operation (shaded areas). 

The head of the arrow indicates the level of the block as shown by myelography : 

——-> Lipiodol injected by cisternal puncture: <——— Lipiodol injected by 

lumbar puncture. 

The nature of the lesion—The affection described here is limited to the lumbar vertebrae. 
Anthropometric examination of the first six patients did not reveal any abnormality, either 
in absolute or in relative measures (Huizinga et al. 1952). There were no signs of a generalised 
bone disease. Although spondylosis deformans or arthritis of the vertebral joints was found 
radiographically in Cases 3, 4, 5 and 6, at operation these changes appeared to have no part 
in the causation of the narrowing. It may be that the anomaly is developmental. The fact 
that the disturbances become manifest only in adults is not at variance with this conception 
as similar facts are observed in other developmental anomalies such as cervical rib, the 
Arnold-Chiari malformation and in narrowing of the achondroplastic vertebral canal (Vogl 
and Osborne 1949). 

It was difficult to determine what part of the vertebra was the cause of narrowing. It 
has been mentioned already that the measurements of the distance between the pedicles in 
radiographs were within normal limits. At our request Huizinga e¢ al. (1952) measured the 
diameters of the lumbar vertebrae of fifty-one skeletons of adult Dutch subjects. It appears 
that in general the lumbar vertebral canal is narrowest at the level of L.3 and 4, at least in 
the antero-posterior diameter. It was at the borders of this region that the obstruction to 
the lipiodol was located in our patients. The obstruction, however, indicated only the region 
of greatest narrowing, because at operation it was nearly always found that the narrowing 
affected other vertebrae in less degree. 

In Case 7 the antero-posterior diameter of L.3 and L.4 were measured and compared with 
the statistical data reported by Huizinga et al. The antero-posterior diameter of L.3 (15 
millimetres) corresponded to the lower limit of this diameter in Huizinga’s series, and that 
of L.4 (13 millimetres) was only 2 millimetres greater than the minimum length in the normal 
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skeletons. Although in this case the antero-posterior diameter of L.3 and L.4 appeared to be 
small, it was not abnormally so. The interpedicular distances also came within normal limits. 
Taking into consideration the operative findings, it seems justifiable to ascribe the cause of 
the narrowing to encroachment of the articular processes on the vertebral canal. We did not 
measure the antero-posterior diameter in the other patients, but in Cases 4, 5 and 6 the medial 
part of the articular processes had to be removed to decompress the dural sheath. Some of 
the myelographic pictures also showed signs of a postero-lateral compression at the level of 
the aiticular processes. 

We observed that the effects of the encroachment of the articular processes were most 
pronounced in the areas of L.3 and L.4. This may be accounted for by the fact that the 
normal canal is narrowest in this region. Many problems concerning this abnormal condition 
still need elucidation. 

The main purpose of this paper is to show that there is a form of narrowing of the lumbar 
vertebral canal, with a typical clinical picture, in which a decompression of the dural sheath 
may be followed by complete relief. 

Only one reference to a similar condition has been found—namely a paper by Van 
Gelderen (1948). One of his two patients was a man of sixty who, after walking, showed 
symptoms of compression of the second, third, fourth and fifth roots. At rest the symptoms 
disappeared almost completely. The patient was cured after a laminectomy of L.2 (caudal 
half), L.3 (total) and L.4 (cranial half). A thickened ligamentum flavum was found between 
L.3 and L.4. Van Gelderen thought that in the upright position this hypertrophic ligament 
pressed on the dural sheath. It is questionable whether a hypertrophic ligamentum flavum 
can cause such severe compression in a vertebral canal with normal dimensions and I support 
the statement by Jackson (1948): ‘In the writer’s own humble opinion the ligamentum 
flavum is most unlikely to contact any spinal root unless this root is distorted from its regular 
path.” Since Van Gelderen performed a complete laminectomy, there is no proof that the 
hypertrophic ligamentum flavum was the real cause of the symptoms. 


SUMMARY 
1. A clinical condition is described in which there are symptoms of compression of the 
caudal nerve roots on standing or walking, but not at rest. Seven cases are reported. 
2. Myelography showed a block in the lumbar region in every case. 
3. At operation narrowing of the spinal canal in part of its lumbar course was found. 
4. The nature of the abnormality is discussed. It is suggested that the narrowing is due to 
encroachment on the spinal canal by the articular processes. 
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From the Royal National Hospital for Rheumatic Diseases, Bath, and the Royal Devonshire Hospital, Buxton 


Rheumatoid disease may take many forms, and at times degeneration may be quite out 
of proportion to the other features. Sometimes a quiet atrophy of bone may lead to 
“‘ main-en-lorgnette ’’ and at other times tendon atrophy may cause rupture (Kersley 1948, 
Harris 1951). In a third type degeneration may be associated with proliferation and the 
formation of multiple nodules which break down and ulcerate. In one such case recently 
observed, hydrocortisone applied locally on a dressing, with continuation of antibiotics that 
had previously been in use, caused temporary healing. 

Three cases have been investigated in which massive cysts filled with pus-like material 
were found. When first seen, the destruction was such that the differential diagnosis of a 
tuberculous abscess or a breaking-down sarcoma was suggested. Four examples of necrosis of 


the cervical vertebrae are also recorded. 


CASE REPORTS 


Case 1—A man aged forty-five, whose brother had severe rheumatoid arthritis, developed typical 
arthritis after a quinsy. Two years later he was treated with gold, which produced a rash. In the 
next year his left knee first became swollen. When he 
was first seen by one of us (G. ID. K.) seven years after 
the onset he presented the picture of a typical victim 
of rheumatoid disease, with a much swollen left knee 
joint and a huge swelling on the left calf which had 
been variously ascribed to a sarcoma or a tuberculous 
abscess (Fig. 1). The sedimentation rate was 50 
millimetres in one hour (Wintrobe) and_ the 
haemoglobin 66 per cent. The Wassermann reaction 
was negative. The leucocyte count was 7,100 per 
cubic millimetre. The swelling of the calf was found 
to consist of a sac extending 8 inches down into the 
leg and containing a large quantity of purulent- 
looking material, found later to consist of debris and 
cholesterol. The sac was completely excised. 
Histological findings—The cyst wall consisted of dense 
collagenous fibrous tissue, varying in thickness from 
2 to 4 millimetres. The surface lining the cavity 
showed clearly the remains of a ‘‘ palisade ”’ layer of 
mesenchyme cells, such as are frequently seen in the 
subcutaneous noduies of rheumatoid arthritis and in 
the synovial membrane in some cases of rheumatoid 
arthritis of long duration. In the wall were many foci 
oi round cells of the type found in the capsular layer 
of a rheumatoid nodule; others were larger and 
resembled the cell reaction of a rheumatoid synovial 
membrane. The muscle adherent to the sac showed 
Fic. 1 many foci of large round cells and other evidence of 
Case 1—Photograph showing large swelling rheumatoid myositis (Figs. 2 and 3). 
in the left calf. Progress—W hen seen again two years later, the patient 
had severe active rheumatoid arthritis, with typical 
radiographs of the condition. He was debilitated: the sedimentation rate was 121 millimetres in 
one hour (Westergren) and 64 millimetres (Wintrobe); haemoglobin was 61 per cent. The left 
calf appeared normal and the knee presented the usual picture of advanced rheumatoid disease. 
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Fic. 2 
Case 1—Muscle from left calf showing degenerative changes. A small lymphocytic focus is seen 
at the top of the field. 


Case 1—An area of cell infiltration in the fibrous wall of the cyst. The cells are mainly lymphocytes 
with a few plasma cells. : 
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Case 2—A crane driver aged fifty-seven was admitted to the Devonshire Hospital suffering from 
polyarthritis of rheumatoid type. Nothing of relevance was ascertained from his family or past 


histories. His symptoms began eighteen months before admission with ‘‘ bad circulation ’’ and 


pain in both hands. The pain spread rapidly to involve all joints; he lost twenty-one pounds in 


Fic. 4 Fic. 5 
Case 2. Figure 4—Photograph showing the large cyst in the right calf. Figure 5— 
Radiograph after injection of contrast medium into the cyst. Note its communication 
with the knee joint. 


Fic. 6 
Case 2. Figure 6—The cyst displayed at operation. Figure 7—Section of cyst wall. In the 
lower part of the field there is dense collagenous fibrous tissue undergoing necrosis towards 
the lumen of the cyst. An area of phagocytic histiocytes (foam cells) is present containing 
products of tissue disintegration, probably lipoid. 


weight and he had to give up his work. A course of gold injections produced some remission but 
subsequently the condition relapsed and four months before admission he developed a swelling 
of the right calf (Fig. 4). The swelling was painful and fluctuated in size from day to day. He 
received treatment at his local hospital where the swelling was explored and some yellowish fluid 
with a specific gravity of 1-018 was aspirated. 
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Examination—On admission the findings were those of rheumatoid polyarthritis. The hands were 
severely affected, there were flexion deformities of both elbows, and the knees showed some synovial 
effusion. In the right calf there was a large cystic swelling, somewhat tender on palpation. The 
erythrocyte sedimentation rate was 120 millimetres in one hour (Westergren); the blood count 
was normal. The plasma proteins were: albumin 3-3 grammes per cent and globulin 2-9 grammes 
per cent. 

Treatment and progress—The swelling over the right calf was explored with a needle and 10 cubic 
centimetres of a synovial-like fluid were aspirated. An equal quantity of diodone solution was 
introduced and the subsequent radiograph showed a communication with the knee joint (Fig. 5). 
It was decided that the cyst was an abnormal prolongation of a bursa from the knee joint, and this 
was confirmed at operation by one of us (J. C. F. C.) when it was excised and the communication 
with the knee joint tied off (Fig. 6). The subsequent progress was uneventful and the arthritis 
appears to be going into a remission. 

Pathological examination—Macroscopically, the cyst was smooth-walled and contained yellow 
amorphous material. The cyst wall was about two or three millimetres thick. Microscopically, 
the lining of the cyst was composed of a thin (1—2 cell) layer of large eosinophilic cells containing 


Case 3—Part of cyst from back of shoulder. The cyst wall consists of fibrous tissue infiltrated 
with lipoid-laden histiocytes (foam cells). Cholesterol clefts are also seen. 


mucopolysaccharide granules in their cytoplasm from which the contents of the cyst were probably 
derived. The lining cells rested upon connective tissue infiltrated with lymphocytes (Fig. 7). 
The histological appearance was like that of part of the cyst walls in Cases 1 and 3. 
Case 3—A male civil servant aged forty-eight gave a history of rheumatoid arthritis of nine years 
duration. Three phases could be distinguished in the evolution of the articular lesion: firstly, an 
oligarticular phase of relatively short duration, during which the wrists were mainly involved; 
secondly, a longer phase in which all the joints were affected with typical rheumatoid changes; 
and thirdly, a phase of articular disorganisation and subluxation affecting nearly all the joints of 
the hands, the right shoulder, and the joint between the third and fourth cervical vertebrae. 
The hands were markedly deformed, with stunted fingers of the ‘‘ main-en-lorgnette ’’ type. The 
extensive disorganisation of the metacarpo-phalangeal and interphalangeal joints allowed abnormal 
movements of the fingers in all directions. The disintegration of the third and fourth cervical 
vertebrae, first noted about nine months before his death, continued and paresis of the arms ensued. 
Severe compression of the cord itself was prevented only by the permanent use of a collar. 
During the phase of articular disorganisation a swelling appeared in the region of the right 
shoulder joint. At this time the sedimentation rate was 62 millimetres in one hour, haemoglobin 
65 per cent, and leucocyte count 17,000 per cubic millimetre. The Wassermann reaction was 
negative. Neoplasm or tuberculosis was suspected but punch biopsy showed only necrotic tissue 
and cholesterol deposit. The patient died nine months later. 
Necropsy. The right humerus—A broken-down mass of debris one and a half inches in diameter 
replaced a large part of the head of the humerus and contained a thick yellowish-grey material 
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Fic. 9 


Fic. 10 


Case 3. Figure 9—Macroscopic appearance of cervical spine after sagittal section. 
Figure 10—Radiograph of the specimen shown in Figure 9. 


containing a large quantity of cholesterol, and on microscopy there were many “' foam cells.’’ Behind 
the shoulder there was a sausage-shaped cyst two and a half inches long consisting of a fibrous 
capsule enclosing a greasy necrotic material. Sections showed, in addition to granular amorphous 
debris and cholesterol, clefts in hyaline fibrous tissue and areas of large rounded or polygonal 
cells with small darkly stained nuclei, well defined cell membrane and vacuolated cytoplasm 
(foam cells) (Fig. 8). Cervical spine—On examination of the neck the disc between C.3 and 4 had 
almost completely disintegrated, allowing sublux- 


Fic. 11 
Case 3— Degenerative changes in the intervertebral 
disc are seen in the lower part of the section. The 
marrow in the body of this vertebra is replaced by 
loose fibrous tissue. 


ation and compression of the cord. The discs 
above and below showed increasing degeneration 
at their periphery (Fig. 9). A radiograph of 
this specimen is shown in Figure 10. Histo- 
logically the disc showed fibrillation and complete 
disintegration in some areas with necrosis and 
fragmentation of the adjacent layer of bone. 
A narrow zone of dense vascular fibrous 
tissue containing lymphocytic accumulations was 
present above and below the affected disc, and 
in the bodies of the vertebrae loose fibrous tissue 
replaced the marrow (Fig. 11). Bone trabeculae 
in the main body of the vertebrae remote from 
the disc were normal. 

Case 4— Man aged twenty-six. He first contracted 
gonorrhoea at the age of twenty and again six 
years later, when he was treated with penicillin. 
One month after this attack he developed pains 
in his buttocks which spread rapidly to nearly all 
the peripheral joints and to the back and neck. 
For three months he was severely ill, with swinging 
pyrexia. There was keratodermia blenorrhagica 
of both feet. The leucocyte count varied from 
9,000 to 14,000 per cubic millimetre. He was 
anaemic, and the erythrocyte sedimentation rate 
was very high. 

Treatment and progress—He was treated with 
massive doses of penicillin without response and 
was given repeated blood transfusions and, later, 
radiotherapy. Five months after the onset of the 
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arthritis the neck condition became more acute, with pain radiating inte the arms. Radiographs 
showed necrosis with partial subluxation of the third and fourth cervical vertebrae. Traction was 
applied and a rigid cervical collar was ordered. Within a few weeks his general condition began to 
improve and after two months he was discharged from hospital wearing a leather collar. When 
he was seen four months later, the arthritic condition had almost entirely subsided. One finger was 
swollen but painless and the neck was stiff. He was able to discard the collar and begin work. 
Case 5—A married woman aged sixty-nine developed rheumatoid arthritis fifteen months before 
her death from broncho-pneumonia. On examination one month before her death the hands, feet 
and knees were swollen and the neck was very stiff and painful. The sedimentation rate was 
73 millimetres in one hour and the haemoglobin 66 per cent. The patient was allergic to gold, 
and blood transfusion helped but slightly. 

Necropsy—Destruction of the intervertebral discs and early subluxation in the mid-cervical region 
were discovered. 

Case 6—A woman of fifty-eight, bedridden with longstanding rheumatoid arthritis. On 
examination she was found to have marked angulation of the neck that had been present for 
several years. She refused hospital treatment. 


DISCUSSION 

Large cystic areas filled with breaking-down pus-like material rich in cholesterol may be 
formed in two ways: by the breaking down of a rheumatoid nodule or by the filling up of a 
bursa or pouch of synovial sac with necrotic debris shed from the synovial surface. 

The earliest rheumatoid nodules consist of patches of fibrosis in subcutaneous fat, 
surrounded by a ring of small lymphocytic foci. From a study of many subcutaneous nodules 
the following sequence is suggested as describing its further development. First, the area of 
fibrosis increases, the lymphocytes occupying a capsular zone of looser texture at the periphery. 
Later, fibrinoid degeneration passing on to necrosis occurs at the centre. At first the necrotic 
areas are seen to be elongated and tortuous when cut longitudinally. Eventually they coalesce 
and liquefaction occurs; the result is a cyst with fibrous wall containing necrotic debris. 

When the process occurs in a bursa, the synovial membrane becomes engorged and 
proliferated to form villi. Superficial necrosis of the surface layer and of the villi occurs and 


the necrotic tissue is exfoliated into the joint cavity. The result is again a fibrous cyst with 
round-cell foci in the wall and products of tissue degeneration in the lumen. 


In the cases described here the latter course seems to have been the more likely but the 
end-results of each process may be indistinguishable. 

It appears that rheumatoid arthritis of the cervical spine is commoner than used to be 
thought and that it may proceed to subluxation. We believe that it has no relationship to 
ankylosing spondylitis, in which this breaking-down process seldom if ever occurs. 


SUMMARY 
1. Three cases of a degenerative type of rheumatoid arthritis, with large cystic cavities filled 
with pus-like material, are described. They may arise from bursae or breaking-down nodules. 
2. Four cases in which necrosis and subluxation complicated rheumatoid disease of the 
cervical column are recorded. 
3. The pathogenesis of necrotic and cystic areas in rheumatoid arthritis is discussed. 
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DOME FRACTURE OF THE TALUS 


NorMAN W. NISBET, DUNEDIN, NEW ZEALAND 
Associate Professor of Orthopaedic Surgery, Dunedin Hospital 


Fractures of the articular surface of the talus are worthy of record not only because of 
their rarity but because of the unusual behaviour of the fragment. In 1952 Marks reported 
a case in which the fragment was still ununited after eight months; it developed the 
appearances of osteochondritis dissecans, and post-traumatic osteoarthritis soon appeared. 
Radiographs showed that the fragment was raised from its bed. The reason for this I found 
when treating a similar fracture in April 1952. With Marks’s case in mind I performed an 
arthrotomy and found the fragment upside down. I wrote a short account of this case and 
then, obeying the advice of Perkins (1949), put the paper away in a cupboard, so that what 
I thought was an original observation was forestalled by Coltart in November of the next 


Fic. 1 Fic. 3 Fic. 2 
Case 1—Radiograph of the flake fracture from the talus lying upside 
down (Fig. 1), drawing of the appearance at operation (Fig. 2), and 
photograph of the removed fragment (Fig. 3). 


year. In his authoritative article Coltart (1952) stated that this fracture might be called a 
dome fracture. He wrote: “ in a typical example the fragment was found to be upside down 
in the joint and was removed.” I have since operated on two more patients with a similar 
injury and the three cases are here recorded. 


CASE REPORTS 
Case 1—A girl, aged fifteen years, fell off her bicycle in April 1952 and twisted her left ankle. 
The exact mechanism of the injury was not known. Clinical examination on the same day showed 
that the ankle was swollen. There was tenderness over both malleoli with restriction of movement. 
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Radiographic examination showed a fracture of the 

medial malleolus and a flake fracture of the upper surface 

of the talus which was raised from its bed. Operation— 

The outer side of the ankle was exposed through a short 

incision and at once a flake fracture of the antero- 

lateral aspect of the talus was seen with the fragment 

turned upside down, fitting snugly in its bed. The 

fragment was removed (Figs. 1 to 3). A plaster was 

applied for six weeks. Four months later there was a 

satisfactory range of painless movement. 

Case 2—A man, aged thirty-two years, received a severe 

inversion twist of the right ankle while walking along 

the road. When examined on the same day the ankle 

was swollen and generally tender; movement was 

restricted. Radiography revealed a flake fracture of 

the talus. The fragment lay between the talus and 

the lateral malleolus (Fig. 4). Operation—The outer 

side of the ankle was exposed through a short oblique 

incision, and this time an irregular fragment was 

found, one inch in diameter. It was upside down 

and impacted between the talus and the lateral 

malleolus. It was broken up during removal. A 

plaster was applied for five weeks. Four months later Fic. 4 

the patient was back at work free from symptoms Case 2—Radiograph showing flake fracture 
except that after hard use there was a tendency to of the talus, before operation. The fragment 
swelling of the ankle. : lay upside down. 

Case 3—A man, aged twenty-five years, fell heavily from a horse, twisting the left ankle. 
Examination showed that the ankle was swollen and inversion was painful. There was tenderness 
in front of the lateral malleolus. Radiography revealed a dome fracture of the talus; the appearance 
suggested that the fragment had not been displaced (Fig. 5). Opevation—The ankle joint was 
opened through a short oblique incision and a dome fracture was found with the fragment 


2 
Fic. 5 Fic. 6 
Case 3—Showing radiograph before operation (Fig. 5) and both surfaces of the removed 
fragment (Fig. 6). 


undisplaced. The reason for this was that there was a hinge of articular cartilage by which the 
fragment was attached at the lateral side; the appearance was like that of osteochondritis dissecans 
in the knee before complete separation of the fragment. The fragment was removed (Fig. 6). 
Six weeks later the patient had no symptoms and there was a full range of movement in the ankle. 
He was walking normally and was back at work. 
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DISCUSSION 


The mechanism producing this interesting fracture seems to be not only an inversion 
strain that shears the fragment from the upper and outer aspects of the talus by impingement 
against the melleolus, but also a plantar flexion strain which pulls the talus forwards from 


its mortise and allows room for the fragment to turn over. On dorsiflexion of the foot the 
talus returns to its mortise and the fragment is then impacted in the capsized position. This 
can be clearly seen at operation. Since the articular aspect of the fragment lies against the 
raw area on the talus, union by bone can never occur, and the fragment must always be 
removed. This also accounts for the raised appearance seen in the radiographs. In Case 3, 
in which there was a dome fracture of the talus without displacement, the fragment consisted 
mainly of articular cartilage with a limited thin layer of bone and union would not have 
occurred. Undoubtedly this fragment would have behaved as in osteochondritis dissecans. 


I am obliged to Mrs J. Richardson for her drawing, to Miss Marshal! for the photograph, and to Miss North 
for her secretarial aid. 
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DISLOCATION OF THE ELBOW AND INCLUSION OF THE 
MEDIAL EPICONDYLE IN THE ADULT 


D. W. PuRSER, MANCHESTER, ENGLAND 
From the Manchester Royal Infirmary 


The incarceration of a medial epicondyle is a well recognised sequel of dislocation of 
the elbow in childhood. Patrick (1946) stated that the age group for this injury was from 
ten to seventeen years. The fragment is the entire epiphysis shorn from the metaphysis by 
the traction of the medial ligament. Separation occurs at the epiphysial line. Smith (1950), 
reviewing 143 cases of injury to the medial epicondyle seen over a period of fifteen years at 
the Presbyterian Hospital, New York, stated that there were only six adults in the series. 
In one case the injury was the result of direct violence, and in five cases the avulsion was 
associated either with a dislocation of the elbow or a fracture of the radial head. He did not 
mention any adult case in which incarceration occurred. One of Roberts’s (1934) four cases 
was in an adult but he did not state categorically that the fragment was included when the 
elbow dislocation was reduced. 

CASE REPORTS 
Case 1—A woman of fifty-six attended the Manchester Royal Infirmary with a dislocation of 
her left elbow. Nineteen years previously she had sustained a fracture of the lower end of 


Case 1—Lateral dislocation of left elbow. A fragment of the medial epicondyle and 
two areas of ossification in the medial ligament can be seen underlying the trochlea. 


the humerus, which had required reduction. Radiographs showed a lateral dislocation of 
the elbow and three opaque bodies underlying the trochlea (Fig. 1). 

The dislocation was reduced under a general anaesthetic. After reduction the elbow was put 
through a trial range of movement. When the elbow was extended the forearm became abducted, 
and redislocation occurred. Radiographs taken after a further reduction showed the medial 
epicondyle lying between the trochlea and the ulna. An attempt to extract it by manipulation 
of the elbow and strong faradism to the flexor muscles (Patrick 1946) was unsuccessful (Fig. 2). 
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Operation—The elbow was explored through a medial incision, and a fragment of the 
epicondyle was hooked from the joint. It presented one cancellous surface which corresponded 
to a defect of the inferior margin of the medial epicondyle. Arising from the fragment was 


Fic. 2 
Case 1—After manipulation. The fragment of epicondyle lies between the trochlea 
and the ulna. 
part of the medial ligament of the elbow, the anterior aspect of which gave origin to a few 
fibres of the flexor muscles. The fragment was replaced and the wound closed. Radiographs 
after operation (Fig. 3) illustrated the site of origin of 
the fragment, and showed an old area of ossification 
in the medial ligament. 
Case 2—A man aged twenty-five reported with an 


obvious postero-lateral dislocation of the elbow. He 
gave a history that when six years old he had injured 


his upper arm “above the elbow.” Radiographs 
(Fig. 4) showed a large bony fragment, apparently 
derived from the medial epicondyle, lying in the joint. 
It was smooth and rounded, as was the epicondyle, 
and the appearance did not suggest a recent fracture. 
At manipulation the posterior displacement was easily 
reduced, but lateral dislocation at first persisted. 
Direct pressure on the outer aspect corrected this with 
a snap. Trial movement showed a block to flexion 
beyond a right angle. By gently abducting and then 
adducting the forearm, the included epicondyle was 
Fic. 3 freed. It then appeared as a loose fragment over the 
Case 1—After open reduction. The origin inner side of the humerus (Fig. 5). Thenceforward full 
of the epicondyle fragment is seen. Note 3 . 
areas of ossification in the medial ligament. flexion was possible. 
COMMENT 
Two cases are reported of dislocation of the elbow in adults in which the medial epicondyle 
was incarcerated after manipulation. In Case 1 the included fragment had been recently 
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avulsed from the inferior margin of the medial epicondyle. In Case 2 there had been non-union 
of the epicondyle after an avulsion in childhood, and at a later dislocation of the elbow the 
fragment was incarcerated. 

Both cases illustrate a physical sign which has also been found of value in children. 
When an uncomplicated dislocation of the elbow has been reduced, an almost full range of 
passive movement can be obtained in the still anaesthetised patient. But when the medial 


Fic. 4 
Case 2—Postero-lateral dislocation of the elbow with the avulsed medial 
epicondyle lying beneath the trochlea. 


Fic. 5 
Case 2—After a closed reduction of the dislocation and reposition of the 
incarcerated epicondyle. 
epicondyle has been incarcerated, only a small range of passive movement is possible: flexion 
is blocked, and as the elbow is extended a progressive valgus deformity develops and 
redislocation occurs. 
I am indebted to Mr John Charnley and Mr D. LI. Griffiths for permission to publish these cases, and for 
their helpful criticism in the preparation of the paper. 
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FRACTURE-DISLOCATION OF THE TROCHLEA 
C. M. C. PotTER, WOLVERHAMPTON, ENGLAND 


The treatment of injuries about the elbow joint in young children forms an important 
part of the work of any traumatic unit. Fracture-separation of the capitulum is comparatively 
common; complete descriptions occur in the text-books, and many articles have been written 
on the subject. But a similar injury of the trochlea or medial condyle is unusuai, and no 
adequate account of the condition can be found in the literature. 


CASE REPORTS 

Case 1—A girl aged eight years was referred to the Stafford General Infirmary with a history 
that she had had a dislocation of her right elbow reduced under general anaesthesia. No 
radiograph had been taken before the manipulation. A post-manipulation radiograph (Fig. 1) 
showed a fracture-separation of the trochlea with medial displacement and rotation—the 
mirror image of the more commonly displaced capitulum. The child was found to have a 
complete ulnar nerve palsy. One week later, open reduction of the fracture was undertaken. 
The large mass of the trochlea, carrying almost two-thirds of the articular surface of the 
lower end of the humerus, was found to be displaced and rotated medially through 90 degrees, 
so that the fracture surface faced medially and the articular surface laterally. The 
ulnar nerve was found intact, but torn out of its groove and trapped between the displaced 
fragment and the lower end of the humerus. The displaced fragment was reduced and 
retained with catgut. The ulnar nerve was transposed anteriorly, and the elbow fixed in 
extension with a posterior plaster slab. Post-operative radiographs showed complete 
reduction (Fig. 2). 

Two weeks after operation, the extended position was converted to one of flexion, a 

collar and cuff replacing the plaster slab, and the angle of flexion was gradually increased. 
Active movements were begun a week later, and the collar and cuff discarded after seven 
weeks. Early evidence of recovery of the ulnar palsy was observed four months after the 
injury and recovery was complete at eight months: there was a full range of active movement 
at the elbow joint. Seen ten years later, the patient was free from symptoms and the elbow 
was clinically normal and radiologically satisfactory (Fig. 3). 
Case 2—A boy aged twelve fell and struck the point of his right elbow. Twelve days later 
he was referred to the North Staffordshire Royal Infirmary. On examination, the elbow was 
swollen and there was marked tenderness over the medial aspect. Attempted movement 
was painful. The function of the hand was normal, and there was no evidence of nerve palsy. 
Radiographs showed that the trochlea had been fractured and displaced by rotation through 
90 degrees, so that the articular surface now faced laterally, and the fracture surface medially 
(Fig. 4). An attempt at closed reduction produced no improvement. At open reduction 
the large fragment, carrying two-thirds of the articular surface of the lower end of the humerus, 
was found in the position indicated in the radiograph. There was also a fracture of the 
articular cartilage of the trochlear notch of the ulna. The large fragment was replaced 
accurately and sutured in position with catgut. There was no tendency to redisplacement. 
The wound was closed, and the elbow put in a collar-and-cuff sling, with the joint flexed 
beyond the right angle. Radiographs showed complete reduction (Fig. 5). Flexion of the 
elbow was increased on alternate days until full flexion was obtained. Three weeks after 
operation flexion was full, and then the sling was gradually lowered, and active movements 
were begun. A full range of active movements was regained within six months. Fifteen months 
later the elbow was clinically normal and radiographs showed a satisfactory joint (Fig. 6). 
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Fic. 1 
Case 1—Child aged eight. Fracture-dislocation of the trochlea 
before reduction. 


Fic. 2 


Case 1—After open reduction. 


Fic. 3 
Case 1—Condition ten years later. 
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Fic. 4 
Case 2—Child aged twelve. Fracture-dislocation of the right trochlea 
before reduction. 


Fic. 5 
Case 2—-After open reduction. 


Fic. 6 


Case 2—Condition twenty-one months later. 
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DISCUSSION 


This injury is the “ mirror image ’’ of the much commoner fracture of the capitulum 
with gross rotational displacement. The type of displacement is the same, and in both it is 
associated with complete tearing of the overlying aponeurosis. Fracture of the capitulum is 
often associated with damage to the head of the radius, and in the case of the trochlea the 
upper end of the ulna may be damaged (Case 2). The injury is caused by force applied to the 
upper end of the ulna. It can occur with posterior dislocation of the elbow, and, although 
there is no radiological confirmation, it was stated that in Case | a dislocation was originally 
present. Dahl-Iversen (1936) described a case in a girl of twelve who had struck her elbow 
sharply against a wall, and the displacement was like that described in my cases. Open 
reduction was undertaken. Pollosson and Arnulf (1937) described a case in a man of thirty-two 
in whom the trochlea was fractured and displaced with a postero-lateral dislocation of the 
elbow. An attempt at closed reduction worsened the position of the trochlear fragment, and 
open operation was carried out. Sixteen months after operation the range of elbow movement 
was 60 degrees. In both these cases there appeared to be some extra-osseous calcification, 
possibly from operative stripping of the soft tissues. Speed and Macey (1933) showed a 
radiograph of a fracture of the trochlea treated by pin fixation, but gave no account of the 
case. A specimen from another case was illustrated by Wilson and Cochrane (1925). These 
are the only other cases that I have been able to find in the literature. 


SUMMARY 


1. Two cases of fracture-dislocation of the trochlea are described. One case was complicated 
by complete ulnar nerve palsy. 

2. The injury is caused by direct force applied to the point of the elbow, or it may be 
associated with posterior dislocation of the joint. 

3. Open reduction is recommended, the fragment being held in position by soft-tissue 


sutures alone. 
4. Four other cases mentioned in the literature are reviewed. 


I wish to thank Mr C. S. Walker for permission to publish these cases and for his kind assistance. 
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CONCEALED DAMAGE FROM A RUN-OVER ACCIDENT 
Report of a Case 


RAYMOND Farrow, LONDON, ENGLAND 


Surgical Registrar, Westminster Children’s Hospital, London 


This case is recorded in order to illustrate an unusual and severe form of injury. The 
chief point of interest lies in the fact that this was primarily a concealed lesion in which the 
gross and irrecoverable damage to the soft tissues of the limb was revealed only after an 
interval of several days. 

JASE REPORT 

A boy of five years was admitted to Westminster Children’s Hospital having been run 
over by a car less than one hour before. A wheel of the car had passed over his right leg. 
Clinically there was obvious deformity of the thigh, with a 
wound one inch long on the adductor surface. Radiographs 
disclosed an oblique fracture of the shaft of the femur 
approximately at the level of this wound (Fig. 1). There was 
no evidence of any other injury to the limb. One hour after 
his admission the wound edges were excised and the haematoma 
was evacuated. The skin was sutured and the fracture reduced 
by skin traction on a Thomas splint. 

The next day the child appeared comfortable, but he was 
unable actively to dorsiflex the ankle and any attempt at 
passive dorsiflexion caused severe pain. The bandages 
enclosing the leg were promptly removed, but apart from an 
effusion into the knee joint no striking abnormality was 
observed. The pain on passive dorsiflexion persisted, and on 
the second day the bandages were again removed, but no 
cause for the symptoms was found. On the fourth day the 
foot became blue and swollen. This time when the bandages 
were removed there was a “ collar ’’ of puckered bluish skin, 
about three inches wide, around the whole circumference of 
the mid-calf except over the subcutaneous border of the tibia 


Fic. 1 
Radiograph of right femur on 
admission. the tissues beneath it were tense. 


and over the fibula. The abnormal skin was anaesthetic, and 


Treatment-—To relieve the venous obstruction in the foot an 

incision was made in the mid-line of the calf through the area of discoloured skin. The 
subcutaneous tissues were under tension and contained a mass of grossly distended veins, 
all thrombosed. When the deep fascia was incised the calf muscles bulged into the wound. 
They were deep blue in colour and friable, and they oozed an almost black exudate. The 
colour of the foot improved rapidly. Since closure was impossible the wound was packed 
lightly with vaseline gauze. 
Progress—For twelve hours the colour of the foot remained normal, and pulsation was 
present in the dorsalis pedis and the posterior tibial vessels at the ankle. Thereafter the 
foot became white and no arterial pulsation could be felt. A few hours later the patchy 
discolouration of ‘‘ marbling ”’ was apparent. 
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Fic. 3 


Fic. 2 


Photographs of the limb two months after injury, showing 

the two scarred areas, and the areas of undamaged skin over 

the tibia and fibula. (The discoloration of the great toe is 
caused by iodine.) 


FROM A RUN-OVER ACCIDENT 


Subsequent treatment and progress 


The arteries of the limb were explored. 
The femoral and popliteal arteries 
and the posterior tibial artery in 
the floor of the calf incision were 
pulsating normally. At the 
juaction of the uppermost and middle 


about 


thirds of the leg the posterior tibial 
artery was found to be in spasm. 
Blood was withdrawn from the patent 
lumen just proximal to the spasm 
and seven cubic centimetres of 
normal saline containing 5,000 units 
of heparin were forced distally into 
the vessel. Procaine was injected into 
the posterior tibial nerve to encourage 
Skeletal 


tibia 


vasodilation. 
the 
substituted for skin traction, and the 


peripheral 
traction through was 
limb was again slung in a Thomas 
Within ten 


intra-arterial injection pulsation was 


splint. minutes of the 
again palpable in the posterior tibial 
artery, and twenty minutes later it 
felt in’ the 
Examination of 


dorsalis pedis. 


taken 


was 
specimens 


from the calf and posterior tibial muscles showed them to be infarcted. 


Four days after the operation the discoloured area of the calf was clearly gangrenous 


and was separating from the living tissue at a well marked line of demarcation. Sixteen 
days later the whole of the calf and the anterior tibial muscle compartment within the 
damaged zone dropped away from the leg, leaving two granulating wounds covered with thin 


streptococcal pus. Skeletal traction was discontinued on the thirty-fifth day, and ten days 


skin grafts were applied to 
the granulating areas. At this time the original 
area consisted only of tibia, fibula and 


later postage stamp ”’ 


interosseous membrane, covered with granulation 
tissue, examination of which revealed no muscle 
tissue. The skin was fully healed eight weeks after 
the injury. At that time knee movements were full 
and painless; there was a 20-degrees’ range of passive 
movement at the ankle. The whole limb distal to 
the upper limit of the “ collar ”’ 
anaesthetic (Figs. 2 and 3). 
was resumed and the child made good progress. 
During the vear since the injury he has had two 
paronychias and one heel sore, all of which healed 
The dorsalis pedis and 


was completely 
Nevertheless walking 


slowly but satisfactorily. 
posterior tibial pulses have remained, and as there is 
no evidence of pulsation in the anterior and posterior 
tibial arteries beneath the scars it can only be 
assumed that the anastomatic channels in the intact 
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Infra-red photograph two months after 
injury showing superficial venous drainage 
of the foot. 
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skin over the tibia and fibula have contributed to these pulses. Infra-red photographs 
showed abundant superficial venous drainage of the foot and ankle (Fig. 4). 


DISCUSSION 


Whether or not this limb will become a constant liability is as yet uncertain. As it 
remains completely anaesthetic, constant vigilance for minor sepsis is required; yet as a 


“ prosthesis’ it is quite satisfactory in its present condition. Should intractable sepsis 


supervene, below-knee amputation would be impracticable at present because of the shortness 
of the stump available. But since the upper tibial epiphysis is still present it is hoped that 
further growth may be sufficient to permit a satisfactory below-knee amputation should it 
eventually become necessary. 

The precise mechanism of this injury is uncertain. It seems probable that the wheel, in 
passing over the limb, caused enough local trauma to devitalise the soft tissue beneath the 
area of impact. At the same time it must have subjected the whole limb to a torsional strain 
which caused the fracture of the lower third of the femur. The effusion into the knee joint 
lends support to this supposition. The delayed skin involvement is probably explained by 
interference with the subjacent blood supply. This could be produced by the rubber tyre of the 
vehicle at the moment of impact “ picking up ’’ the more freely mobile skin and subcutaneous 
tissues and temporarily wrenching them away from the deep fascia. Nevertheless it is 
remarkable that the signs of skin involvement did not appear sooner. Borchard (1938) noticed 
that in run-over injuries there was frequently a ring-shaped detachment of subcutaneous 
tissues without injury to the skin itself. Slack (1952) considered that this stripping of the skin 
and subcutaneous tissues from the deeper structures is a constant feature and he described 
open and closed injuries, depending on whether the skin itself is split or remains intact at the 
time of this momentary wrench. Henderson and Rouillard (1953) remarked upon the common 
incidence of delayed deep tissue necrosis in the open type of injury, and in closed injuries 
Slack (1952) advocated early incision, even into suspicious areas of tension, in an attempt 
to avoid massive skin gangrene. 

A further remarkable point in this case is that there was no fracture at the site of impact, 
but Slack records that only half of his own cases sustained fractures and that such fractures 
as occurred were caused by some additional stress such as angulation. 

The point of greatest importance is that the type of injury recorded here is a concealed 
one, and thus it may be difficult to recognise. 


SUMMARY 
A case of concealed run-over injury of the lower limb, complicated by delayed local 
gangrene and peripheral vascular involvement, is described and the mechanism of the lesion 
discussed. 


I am most grateful to Mr David Levi for permission to publish this case, and to the Westminster Hospital 
Photographic Department for the photographs. 
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HYPERPARATHYROIDISM WITH INCREASED BONE DENSITY 
IN THE AREAS OF GROWTH 


A. ApAM and D. RITCHIE, ABERDEEN, SCOTLAND 


From the Orthopaedic and Radiodiagnostic Departments, Royal Infirmary, Aberdeen 


A girl aged fourteen years complained of aching pain and swelling below the right knee 
for ten months. She was easily tired during this time, and had polydipsia. Three weeks 
before admission the leg gave way under her, with severe pain. 

On examination, she was a healthy-looking, well developed girl. There was swelling over 
the right upper tibial shaft, which was tender on palpation. The underlying bone felt soft 
on pressure with the finger. Otherwise, general examination gave negative results. 
Radiographic examination—The radiograph of the right knee (Fig. 1) showed a pathological 
fracture extending through a large multilocular cyst which expanded the proximal part of 
the tibial shaft and the metaphysis. The bone cortex overlying the cyst was of “ egg-shell ” 
thickness. A considerable degree of osteoporosis was present in the surrounding bone and, 
in addition, there were unusual bands of increased density occupying the juxta-epiphysial 
parts of femur, tibia and fibula. 

A radiological survey of the skeleton was carried out. This confirmed the presence of 
generalised osteoporosis. In the long bones the cortex was thinned, at places assuming a 
pencil-line appearance, while the medullary cavity was correspondingly widened and the 
trabecular pattern accentuated. The skull showed a granular type of osteoporosis. Apart 
from the diminished bone density there was little abnormal in spine or pelvis. 

Cyst formation was widespread throughout the long bones. The cysts were small, apart 
from the one described above. 

The zones of increased density seen at the right knee were also found to be present in 


the metaphyses of all the long bones (Fig. 2). The density was a true increase as demonstrated 


against a control of the same sex and age (Fig. 3). Little bone structure was evident in these 
regions, which were of a rather amorphous appearance, and the bands were well defined 
where they merged with the adjoining bone. Strikingly, these bands were widest where bone 
growth was most active, especially at the knee and wrist. They were absent from the elbow 
where fusion of the epiphyses had occurred (Fig. 4). 

The picture on the whole showed typical changes of hyperparathyroidism with the added 
unusual features of zones of increased density at the areas of growth. 

Radiological examination of the neck and chest failed to demonstrate a parathyroid 
tumour. 
Investigations—The serum calcium, on four estimations, varied from 18 to 18-5 milligrams 
per 100 cubic centimetres; the serum phosphorus was 2-6 milligrams; and the serum alkaline 
phosphatase was 52-5 units. Examination of the urine was negative, and renal function 
tests were within normal limits. Urinary calcium excretion averaged 0-6 grammes daily. 
Treatment and progress—A diagnosis of primary hyperparathyroidism was made, and operation 
was performed by Mr G. G. Bruce. A small encapsulated tumour was found at the left lower 
pole of the thyroid. This was easily removed. It weighed 3 grammes and on section showed 
appearances typical of a parathyroid adenoma. 

Convalescence was uneventful. The blood chemistry was normal on the day after operation 
and has remained so since. When last seen, seven months after operation, the patient was 
free from symptoms. 
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Fic. 1 Fic. 2 
Figure 1—Radiographs of right knee showing cyst in upper tibia and dense bands in metaphyses of 
femur, tibia and fibula. Figure 2—Radiograph of left knee. Dense bands in metaphyses. 


Fic. 3 


Figure 3—Comparative radiograph of forearm with girl of same age. Figure 4—Radiograph of elbow 
showing fused epiphysis and absence of dense bands. 
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Periodic radiographic examinations showed a striking improvement. The cyst at the 
right knee filled with new bone and the fracture united soundly (Fig. 5). Bone density 
generally returned to normal and the dense bands at the growing ends steadily became less 
obvious. At the knees the increased density is greatly diminished though it is not yet 
completely clear (Fig. 6). The latest radiographs of the wrists are now entirely normal (Fig. 7). 


DISCUSSION 
Primary hyperparathyroidism in children is rare. Of 336 cases collected from the 
literature by Norris (1947), the patient was under fifteen years of age in seven. The classical 
features are like those found in adults, but in our case the finding of bands of increased 
density was unusual. In 1942 Aub presented to the Association for the Study of Internal 


Fic. 5 Fic. 6 
Figure 5—Right knee seven months after operation. Figure 6—Left knee seven months after operation. 
Figure 7—Right forearm seven months after operation. 


Secretions ‘a case of a parathyroid tumour in a growing boy, showing differentiation between 
decalcification of the shaft of the bone with great calcification in the areas of growth.”’ Ina 
personal communication he stated that the increased density was particularly striking about 
the knees, and that the changes disappeared in the year or so after operation. As far as we 
are aware this is the only reference in the literature to a similar case, but in two further cases 


published comparable dense bands can be seen in the radiographs reproduced (Pemberton 
and Geddie 1930, Fairbank 1951). 

In other cases the relevant radiographs have not been published. Bearing this in mind, 
along with the fact that primary hyperparathyroidism in childhood is rare, it seems probable 
that these changes occur in a high proportion of cases and may even be the usual finding in 
the disease at this age. 


Selye (1932) found that, in the later stages of experimental hyperparathyroidism in rats, 
formation of osteoclasts changed to proliferation of osteoblasts with formation of dense bone. 
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This would indicate that osteoblasts are capable of laying down bone of increased density 
even in the presence of excess parathormone. It is suggested that this is what in fact takes 
place at the growing end of the bone. 


SUMMARY 


A case of parathyroid adenoma in a growing girl is described in which radiographs 


showed bands of increased density in the metaphyses in addition to the usual signs of osteitis 
fibrosa cystica. The literature is reviewed and the appearances are discussed. 
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A CASE OF OSTEOPATHIA STRIATA 
D. U. BLoor, WOMBOURN, STAFFORDSHIRE, ENGLAND 


Osteopathia striata was the name applied by Fairbank (1935) to cases described by 
himself (1925) and by Voorhoeve (1924) and characterised by striation of the skeleton and 
particularly the metaphyses of the long bones. 


CASE REPORT 

A girl aged three years was first seen on account of nasal obstruction and recurring 
bronchitis. Birth had been difficult because of a large head, and delivery was completed with 
the aid of forceps. The neonatal period was stormy; she had pneumonia and feeding was 
difficult because of nasal obstruction. Some improvement took place after the first month, 
but the feeding difficulty persisted and she was referred, at the age of five months, to a London 
children’s hospital. There it was noted that there was failure to gain weight and this was 
attributed to the considerable mechanical difficulty in feeding due to nasal obstruction. 
Thereafter gradual improvement took place, but she was late in passing all the milestones of 
infancy. Thyroid (half a grain twice a day) was given for a period of six months with further 
improvement in her general condition. She had pneumonia at the age of two years. 

The parents were healthy and unrelated. There were two other children, girls aged 

five and a half and two years, who were normal in every way. 
Examination— The weight and height were within the normal range for her age. The skull 
was large and brachycephalic; the circumference was 21? inches. There was no bossing and 
the fontanelles were closed. The eyes were widely set with a low forehead and the epicanthic 
folds were marked. The nose itself was narrow and there was marked obstruction with a 
purulent discharge. The mouth was constantly open. The tongue showed a marked median 
groove, the palate was highly arched and there was a bifid uvula. The teeth were all present 
except the left lower second molar. The hearing was normal to simple tests and the eve 
grounds were normal. There were several palpable cervical glands. The thyroid gland was 
normal. 

The chest was somewhat barrel-shaped with a prominent sternum. The heart was 
normal. Both sides of the chest moved equally but the excursion was poor. There were 
signs of generalised bronchitis. The abdomen was distended and resonant to percussion. 
There was an umbilical hernia. The liver and spleen were not palpable. The vulva was 
normal. The stools were normal. 


There was full mobility of all the joints and there was no deformity of the limbs or spine. 


The gait was normal. The muscles were normally developed and of normal tone but the 
power was weak in the limbs. The skin was normal. 

The child was placid, but played and behaved normally. Speech was indistinct and 
had a marked nasal character. She could name familiar objects and all the letters of the 
alphabet. 

Radiographic changes — Radiographs showed a fine striation of the long bones (Figs. 3, 4 
and 5) which was more marked at the ends. The striation was linear, regular and vertical 
and was well shown in the lower femora and upper tibiae. The ilia (Fig. 2) showed a fan-like 
striation. The bones of the hands and feet were all within normal limits with the exception 
of the calcanea which showed a faint striation. The ribs, clavicles and vertebrae were normal. 
The skull was large and showed increased density of the base and the frontal bone (Fig. 1). 
Both antra and the right and left ethmoidal cells were obscured. The frontal sinuses had 
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Skull showing increased density and thickness. This is well marked at the bas« 


Fic. 2 


Ilia showing fan-like striation, especially in the left ilium 
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A CASE OF OSTEOPATHIA STRIATA 
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Fic. 3 Fic. 4 
Figure 3—Left humerus showing striation of the upper 
end. Right humerus was similar. Figure 4—Right radius 
showing striation of lower end. Left radius was similar. 


Fic. 5 
Lower femora and tibiae showing well marked striation. 
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not developed. No condensations or dense spots were seen. Radiographs of the other 


members of the family were all normal. 


DISCUSSION 

The widespread striation seen in this case is similar to tha. seen in the cases of Voorhoeve 
(1924), Fairbank (1925) and Hurt (1953). The striation is fine, linear and uniform and is 
most clearly seen in the growing ends of the long bones. Ii is well demonstrated in the lower 
femora and upper tibiae. “he striation in the case reported by Fairbank (1925) is interesting 
in that it was predominantly unilateral. In the ilia the striation assumes a fan-like appearance ; 
this was well marked in the case of Voorhoeve (1924). The cases of Fairbank (1925) and Hurt 
(1953) showed a more irregular fan-like appearance together with areas of increased density 
in the ilia. 

The cases referred to above all showed areas of increased density in various bones such 
as the ilia, carpals and vertebrae. These areas of increased density, which are reminiscent 


of osteopoikilosis, are not seen in my case. Fairbank (1950) saw his patient some eight years 
after his original description and noted that more dense areas had appeared. It is possible 
that the age of my patient may account for their absence. 

The radiographs of the skull were normal in the cases of Voorhoeve (1924) and Fairbank 
(1925). The changes in the skull radiographs in my case closely resemble those described 
by Hurt (1953). His case was that of a man of fifty-one years and the skull radiographs 
showed increased thickness and density of the cranial vault and base. All the sinuses, with 
the exception of the frontals, were obscured. No mention was made of any unusual facial 
appearance, nasal obstruction or defect of hearing. 


No clinical picture has been associated with osteopathia striata because of the scanty 
signs. Voorhoeve's patients were a boy of fourteen years, his sister aged ten years and their 
father. The boy showed signs of mental retardation and muscular weakness. The case of 
unilateral striation, described by Fairbank (1925), was that of a boy of twelve years who 
showed some increase in length of the affected leg. Abnormal signs were more prominent in 
the present case: there were an unusual facial appearance, nasal obstruction, bronchitis 
and mental retardation. 

Other cases (Busch 1937, Windholz 1932) have been recorded with striation and areas 
of increased density and some have been grouped with osteopathia striata (Lindbom 1942, 
Mascherpa 1931). But none showed the characteristic striation which was shown in 
Voorhoeve’'s (1924) cases. 

Hurt (1953) discussed the relationship of osteopathia striata and osteopoikilosis. A 
relationship was suggested by Voorhoeve, but Fairbank (1950) maintained that they are 
two separate entities. The absence of dense areas in the bones of my patient, who is the 
youngest recorded with this affection, may support Fairbank’s opinion. The relationship of 
osteopathia striata and osteopetrosis was also discussed by Hurt (1953) and he noted that 
the skull changes in his case were typical of osteopetrosis. The case of Fairbank (1948) 
which showed osteopetrosis of the upper femur and a fine striation of the lower end was 
quoted in support of this relationship. There is no doubt that striation is present in some cases 
of osteopetrosis, but it is usually in the form of streaks and is unlike the striation of 
osteopathia striata. 

The differential diagnosis was fully discussed by Fairbank (1950) and Hurt (1953). 
There is, however, only one condition which can give rise to a widespread and 


uniform striation, and this is found in some cases of coeliac disease (Fairbank, personal 
communication). 

It is clear that the term osteopathia striata can be applied to the present case and to 
those of Voorhoeve, Fairbank and Hurt. All these cases differed in many details but all 
showed the characteristic striation. 
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A CASE OF OSTEOPATHIA STRIATA 


SUMMARY 
A case of osteopathia striata in a girl aged three years is described. Similar cases are 
reviewed. 


I wish to express my thanks to Dr C. Arthur and Dr H. J. Browne for permission to publish this case, 
to Dr Norah Walker for her invaluable assistance with the radiographs, to Dr R. W. Brooktield for his 
helpful! criticism, to Dr G. Newns for hi; notes, to Sir [homas Fairbank for his comments, and to Mr L. 
Sayer for his assistance and patience. * 
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PERCUTANEOUS NEEDLE-REDUCTION OF A DISLOCATED 
LUNATE BONE 


KarL Victor Osto, Norway 


From the Department of Surgery, Aker Hospital, Oslo 


Dislocation of the lunate bone is a comparatively rare injury. Watson Jones (1929) 
reported an incidence of one in every 400 fractures and dislocations. Various methods of 
reduction have been recommended (Bohler 1938, Davis 1923, Farr 1926 and Watson Jones 
1929). Common to all these methods is the application of traction to the hand in order to 
pull the capitate away from the radius while pressure is exerted against the lunate bone 
from the palmar side of the wrist. Reduction can usually be accomplished if performed 
within a few days of injury. If a longer interval has elapsed, the use of skeletal traction or 
open reduction may be necessary. Late results after operative reduction are usually poor 
because of the development of osteoarthritis in the radiocarpal joint. Watson-Jones (1943) 
recommended excision of the lunate bone if reduction has not been accomplished within a 


reasonable time after the injury. The following case is reported to illustrate a percutaneous 
method of reduction which proved useful in a patient in whom the lunate bone was dislocated 
anteriorly and rotated about 90 degrees. 


CASE REPORT 

A man of sixty-four fell ten feet into a ship’s hold, injuring his right wrist. The next 
day the wrist was swollen, stiff and painful. A radiograph showed a dislocation of the lunate. 
An immediate attempt at reduction under anaesthesia was unsuccessful and the patient was 
referred to the surgical department of Aker Hospital on the same day. Further attempts at 
reduction were made shortly after admission: strong traction was applied to the wrist, which 


Radiograph before reduction. 


Fic. 


was dorsiflexed and then slowly flexed palmwards while pressure was exerted over the lunate 
bone by the thumb from the palmar side of the wrist. The manipulation was performed 
under fluoroscopic guidance. This attempt also was unsuccessful and so was a further 
manipulation the next day (Fig. 1). Operative treatment was therefore planned five days 
after the injury. 
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Condition three months after reduction. 


Fic. 3 Fic. 4 Fic. 5 
Figure 3—The distal pole of the displaced lunate bone is engaged by the needle. Figure 4—The bone is 
tilted into its proper position by the pressure of the needle. Figure 5—The pressure of a thumb over the 
front of the lunate bone may cause the bone to take a transverse position, thus making reduction impossible. 


Operation—A thin cannula was inserted from the palmar side of the wrist at the distal margin 
of the flexor retinaculum. Under fluoroscopic guidance the tip of the lunate was easily engaged 
by the needle (Fig. 3), and moved and tilted so as to slip into its proper position (Fig. 4). 
Figure 2 shows the condition of the wrist three months after reduction. 

Comment—-Pressure of a thumb over the front of the wrist gives diffuse pressure on the 
bone because of the intervening tendons and ligaments, but the point of a needle can be 
directed exactly to the tip of the lunate bone which is thus manipulated into its proper 
position. Figure 5 suggests how diffuse pressure over the front of the lunate bone may cause 
it to attain a transverse position, thereby making reduction impossible. 
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CONGENITAL WEB FORMATION 
M. SHUN-SHIN, Port Louis, MAURITIUS 


On the small island of Rodriguez, measuring about six miles by four miles and lying 
300 miles east of Mauritius, of which it is a dependency, there exists in three generations of 
one family the abnormal condition of webbing of the elbow. As will be seen from the family 
tree (Fig. 1) the head of the family, Eudoxe (Fig. 2), had the condition on one side only. 
As far as he was aware, none of his forebears had shown this congenital defect, which had 
also spared his siblings. Of his twelve children, two sons and two daughters inherited the 
condition, the involvement being in every instance bilateral. The sons, Wilford (Fig. 3) and 
Lewis, were both seen but neither of the daughters would consent to examination. There 
seemed, however, from Eudoxe’s firm assurance, little doubt that they suffered from the 
same deformity. Wilford was unmarried but Lewis was the father of seven children. His 
first born, a girl, was alleged to show the abnormality in one elbow in a very mild degree 
and his fifth child, Job, a young boy of ten, had the elbow on each side affected (Fig. 4). 
It was only when he was admitted to hospital for tonsillectomy that this familial congenital 
deformity was detected. Only one of the affected daughters of the first generation had married 
and her two children were normal. 

One of the unaffected daughters had, however, transmitted the deformity to one of her 
children (a female). She could not be prevailed upon to come for examination but was believed 
to show webbing on one side only. The remaining members of this big family group were 
normal. 


EUDOXE 


| 


| 


7 
CHILDREN & CHILOREN UNAFFECTED 
GRANODCHILOREN 
UNAFFECTED 


Fic. 1 
Family tree to show the members of the family affected. @ = Both elbows affected. @=one elbow affected. 
© =one elbow slightly affected. 


In the patients examined the deformity in every instance was the same. On clinical 
examination, the most striking feature was the presence of a web of skin stretching across 
the cubital fossa from the distal third of the arm to the proximal third of the forearm. There 
was no interference with full flexion of the joint but extension was limited to only 90 degrees. 
Pronation and supination were also limited, the total range of rotation being no more than 
90 degrees. When the elbow was flexed against resistance, the forearm being held in the 
semi-prone position, the web of skin was found to contain tensely contracted muscles of the 
flexor group. The power of this movement was not impaired. The triceps was well developed 
in its distal half but its proximal half felt like a fibrous cord and appeared to be imperfectly 
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CONGENITAL WEB FORMATION 269 


developed (Fig. 3). It was possible to persuade only one of the patients, Wilford, to come 
the 300 miles to Mauritius for radiographic examination. The limited range of movement 
and the presence of the web made it difficult to get a good projection but such films is we 
could obtain seemed to show on each side a posterior subluxation of the head of the radius, 
and mal-development of the radio-ulnar joint (Figs. 5 and 6). 


Fic. 2 Fic. 3 Fic. 4 
Figure 2—Eudoxe, the head of the family. Figure 3—Wilford, son of Eudoxe. The left elbow was similarly 
affected. Lewis, another son, had the same deformity. Figure 4—-Job, son of Lewis. 


DISCUSSION 

Although this appears to be a comparatively rare abnormality numerous examples have 
been reported, especially in the German literature. It is but one manifestation of a congenital 
abnormality which may affect one or more of the following regions of the body: the neck, 
the axilla, the elbow, the knee and the digits. The Germans have called it “ Flughaut ” 
(wing skin). 

Kobylynski in 1883 reported what he believed to be an atavistic deformity in the form 
of webbing of the neck in a man of twenty and Wolff in 1889 described a girl of ten years old 
who had webbed skin affecting the left knee and other associated deformities including 
syndactyly. He was struck by the similarity between this condition and the physiological 
web skins (patagia) of animals. 

3runs and Kredel (1890) apparently studied the condition more closely and they were 
of the opinion that the deformity was due to misplaced and abnormal muscular developments 
bridging the flexor surfaces of joints and displacing the overlying skin in web-like formation. 
This was also the contention of Basch (1891), who carried out ‘anatomical exploration ”’ in 
the neo-natal period. A further case of neck webbing was reported by Funke in 1902 but the 
next comprehensive reference to elbow webbing was in a paper by Ebstein in 1918, in which 
he reviewed the literature. He was of the opinion that the deformity was due to intra-uterine 
disturbances. In a further communication (1924) he described the three clinical types of 
webbing—pterygium colli, pterygium axillare, and pterygium digitale, cubitale and 


popliteum—and stated that these various anomalies might occur together or separately. 
Kopits in 1937 reported three cases of webbed elbow (as well as four others in which the 
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knee joints were affected). Extension of the elbow was in each instance limited to 90-110 


degrees. Kopits believed that this loss of movement was due not to skin tension but to 
contracture of more deeply placed structures. In one patient radiographic examination 
showed dislocation of the radius. He suggested for the condition the name musculo-dysplasia 
congenita. 

In 1938 Edwards demonstrated to the Royal Society of Medicine the case of a baby 
born with marked webbing in both lower limbs as well as other abnormalities. These 


Fic. 6 
Radiographs of Wilford’s right and left elbows. 


included marked limitation of movement at the elbows from the tenseness and contracted 
state of the flexor muscles: there was no webbing. 

In the same year Aberle-Horstenegg described two cases of web formation between 
thigh and leg, in which an abnormal tendinous muscle stretched from the ischial tuberosity 
to the tendo calcaneus, together with other malformations such as cleft palate and cleft lip. 
He was of the opinion that a disturbance of development in the early foetal life was responsible 


for the abnormality and not a “‘ vitium primae formationis.” 
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Kieser (1939) described ten members of a family of fifteen with contracture at the elbow 
of greater or lesser degree and frequently accompanied by atrophy of the arm and thoracic 
muscles. In only one case could the abnormality be definitely called webbing. The biceps 
and brachio-radialis and a faulty insertion of the triceps appeared to be the causes of the 
limitation of extension of the joint. In five cases radiographs showed bending of the radial 
diaphysis and subluxation of its head. Kieser believed that in addition to the web-skin there 
was also a simultaneous muscle dysplasia, and that the malformation, though not manifesting 
itself immediately after birth, was nevertheless present in the embryo. There seemed to be 
no question that it was a true hereditary manifestation, for which he coined the name of 
myelo-osteo-musculo-dysplasia hereditaria.”’ 

Schramm (1940) described two cases of web formation. The first case was an extensive 
one involving the knee; the other was in a boy of thirteen with web formation in both elbows. 
The contracture was noticed three weeks after birth but no family history could be traced. 
Supination, pronation and flexion were full but extension was limited at 90 degrees. 
Radiographs showed dislocation of the head of the radius. Operation was undertaken but 
the range of extension was only bettered by 15 degrees because the blood vessels and nerves 
prevented further stretching. Schramm suggested the term ‘“‘ musculo-dysplasia-patagiata 
as being the most accurate. 


congenita ’ 


I am indebted to the Director, Health Department, Mauritius, for permission to publish this case record. 
I wish to record my thanks to Mr H. J. Seddon of the Institute of Orthopaedics, and to Mr Maurice Ewing 
of the Postgraduate Medical School of London, for their help in its preparation. I am grateful also to the 
Librarian of the Institute of Orthopaedics for his help in searching the literature, and to Miss Weiss of 
the same institute for the German translations. 
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THE ANATOMY OF HALLUX VALGUS 
R. WHEELER HAINES, SHEFFIELD, ENGLAND 


Department of Anatomy, University of Sheffield 
and 


A. McDouGALL, GLASGOW, SCOTLAND 


Orthopaedic Department, Glasgow Royal Infirmary 


The morbid anatomy of hallux valgus was studied carefully in the nineteenth century, 
particularly by Volkmann (1856), Lane (1887), Payr (1894) and Heubach (1897), and has 
been reviewed by Simon (1918) and Hohmann (1925) with adequate references to the 
literature. Stein (1938), who gave the most extensive review in the English language, based 
his work on general considerations and on observations made at operation rather than on 
necropsy or dissecting room materials. His contribution was well documented and embodied 
in a consistent whole the knowledge of his day, and few structural details have been added 
since. But a leisurely examination of material specially chosen for the purpose might 
reasonably be expected to fill out the pathological picture and to allow the correction of 
some points not easily determined at operation or by radiography. Such has indeed proved to 
be the case, and the findings have further suggested that some change of emphasis in the 
normal anatomy of the forefoot might be necessary, following the lines of a preliminary survey 
already published by one of the present authors (Haines 1947). 


NORMAL ANATOMY OF THE FIRST METATARSO-PHALANGEAL JOINT 

The metatarso-phalangeal joint of the great toe differs from the joints of the other toes 
in its sesamoid mechanism. The head of the metatarsal carries a large, rounded, cartilage- 
covered prominence, wider than the base of the phalanx with which it articulates (Figs. | to 
6). On the plantar surface two grooves are developed for articulation with the two sesamoid 
bones, and these are separated by a rounded ridge (Fig. 1). On either side the cartilage 
overlaps on to the lateral aspect of the bone, to form a smooth surface for the ligaments of 
the joint. The shaft narrows from the head, but carries a pair of shoulders or epicondyles 
(Fig. 2) from which the joint ligaments spring. The basal phalanx has an elliptical concavity 
for articulation with the metatarsal, and a swollen base which receives the muscular and 
ligamentous attachments. 

The sesamoids, compared to coffee-beans by Heubach (1897), are embedded in the 
plantar pad (Fig. 3), a mass of dense fibrous tissue, rectangular in outline. The distal margin 
of the pad is attached firmly to the base of the phalanx, its lateral margins receive ligamentous 
and muscular attachments, and its proximal border receives a part of the short flexor (Fig. 4) 
and is attached by a few loose fibres to the distal end of the metatarsal. From the dorsal 
surface of the pad project the cartilage-covered articular surfaces of the two sesamoids, 
each concave longitudinally to fit the metatarsal head, but convex from side to side. Between 
the sesamoids is a groove (Fig. 5) lined with a little synovial tissue, and into this groove the 
ridge on the head of the metatarsal fits. The plantar surface of the pad is raised on either 
side by the two sesamoids so as to form a groove in which the long flexor tendon plays, held 
in place by its fibrous tunnel. In standing, the sesamoids transmit a part of the pressure 
from the skin to the head of the metatarsal, relieving the flexor tendon from excessive 
compression. 

Most recent authors have considered the sesamoids as developing in the two heads of 
the flexor hallucis brevis as they passed to their insertions on the basal phalanx. Many of 
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Figure 1—Anterior view of head of metatarsal and sesamoids in their grooves (a woman of forty-six). 
Figure 2—Same specimen. Medial view of joint. 
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Figure 3—Same specimen. Joint opened by slitting plantar pad. 
ligaments (a man of sixty). 
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Figure 5—Metatarsal head and sesamoids after removal of phalanx (a man of 
eighty-six). Figure 6—Same specimen. Plantar view of articular surfaces on 
metatarsal. 
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the fibres of the muscle do in fact insert through the sesamoids, but so do some of the muscular 
fibres of the abductor and adductor of the great toe, and so also a very strong band of the 
plantar aponeurosis. Moreover a similar pad, though smaller, is found at the interphalangeal 
joint of the great toe, and a sesamoid, single in this case, may develop in it (Fig. 2) though 
here no muscles are inserted through the pad. So it seems best to return to an older conception, 
following Matzen (1949), and to regard the sesamoids as ossifications in the substance of the 
plantar pad—Matzen’s “ lamina fibrocartilaginea plantaris ’’—just as similar sesamoids, the 
lunulae, may be found in the menisci of the knee of many animals (Pearson and Davin 1921). 
In radiographs the sesamoids can be shown as they lie in their grooves beneath 
the metatarsal heads, and the ridge on the metatarsal is very distinct (Fig. 22). Inge and 
Ferguson (1933) have given a comprehensive review of their history with full references to 
the literature, and have themselves considered a rich histological and radiographic material. 
There are great variations in size and in degree and manner of ossification, and a small os 
intersesamoideum may ossify between the two normal bones. Very rarely a sesamoid may 
fail to ossify (Lapidus 1939). The two bones may lie at the same level or the lateral bone 
may lie proximal to the medial (compare Inge and Ferguson, Figs. | and 12). When the 
sesamoids are small there may be an interval between them, filled by plantar pad tissue 
through which the pressure of the long flexor tendon may indent the metatarsal head (Fig. 4). 
In that case the ridge between the sesamoid areas carries a distinct intermediate groove. 
From each shoulder of the metatarsal there passes, on either side of the joint, a fan-shaped 
mass of ligamentous fibres. A strong band, the collateral ligament (Fig. 2), runs distally and 
plantarwards to the base of the phalanx, while another, equally strong, fans out to reach the 
margin of the fibrous pad and sesamoid bone. The two bundles are joined by intermediate 
fibres, but it seems best to name them separately, and, since the fibres attached to the pad 
hold the sesamoids in their grooves, they may be called the ligaments of the medial and lateral 
sesamoids (Haines 1947). They have received scant notice heretofore, but form an essential 
part of the mechanism of the normal joint, and are conspicuously altered in hallux valgus. 


THE METATARSO-PHALANGEAL JOINT IN HALLUX VALGUS 

In hallux valgus the digit is displaced laterally and is usually pronated on the head of 
the metatarsal, the plantar pad and sesamoids are displaced with the digit, and the ligaments 
on the medial side of the joint are stretched (Figs. 7 to 17). In the least severe example 
examined by dissection (Fig. 8) the articular surface for the basal phalanx looks laterally as 
well as distally, and is separated by a sagittal groove, in which the cartilage is thinned, from 
a medial eminence over which the stretched ligaments pass. The groove for the lateral 
sesamoid is normal in appearance, but an erosion occupies most of the groove for the medial 
sesamoid and encroaches on the ridge. A line of small osteophytes follows the articular 
margin (Fig. 9) giving the medial eminence in anterior view (Fig. 8) a peculiar squared off 
appearance that contrasts with the rounded margin of the normal bone. 

In another example (Fig. 10) the area of erosion has spread farther over the ridge, and 
the ridge is lipped so as to encroach on the groove which originally lodged the lateral sesamoid. 
Thus the ridge appears as if spread laterally over the metatarsal head like butter over bread. 
The sesamoids are displaced, the medial overriding the ridge and the lateral overhanging 
the lateral margin of the head (Fig. 11). The medial sesamoid usually shows an area of erosion 
corresponding to that on the metatarsal ridge. 

Eventually the ridge is smoothed out (Fig. 13) so that there is no further bony resistance 
to the displacement of the sesamoids. The lateral sesamoid may continue on its lateral 
course (Fig. 14) or may come to lie on the lateral surface of the metatarsal head, turning on 
edge as it does so (Fig. 17). In either case the ligament of the lateral sesamoid shortens and 
it becomes impossible to push the sesamoids back into their original positions even after 
all other attachments have been cut. 
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Mild hallux valgus. Plantar view of ligamentous preparation. 
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Figure 8—Mild valgus with erosion. Figure 9—Same specimen. Medial view 
to show osteophytes. 
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Figure 10—More severe case to show lip formation. Figure 11—Same specimen, 
cut with saw. The arrows show the inequality of the ligaments of the two sesamoids. 
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The erosions that form such a conspicuous feature in less advanced cases may, when 
movement of the sesamoids has ceased, become filled with new tissue. In Figure 15 the 
depressed area is clearly an old erosion, but its floor, instead of being covered by a thin pannus 
as in Figure 8, is formed by a dense sheet of cartilage-like tissue. In another example (Fig. 16) 
the medial eminence and sagittal groove are well marked, the medial sesamoid rests on a 
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Medial view of ligamentous preparation from a case of long-standing hallux valgus. 
Figure 13—-Same specimen. Plantar surface of metatarsal. 
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Figure 16 Same specimen, cut with saw. 


Healed erosion. Figure 17 


flattened surface, the ridge is lost, there is an intermediate groove for the long flexor tendon 
resembling that in Figure 6 but in a new position, and the lateral sesamoid has turned on to 
the lateral surface of the head (Fig. 17). Yet the cartilage is everywhere smooth and healthy- 
looking and the section shows it to be continuous, though there can be little doubt that the 
cartilage was, at the time when the ridge was in process of destruction, eroded as in Figures 
8 and 10. 
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The development of the deformities can be followed in radiographs. In a mild case 
(Fig. 18) the first metatarsal is deviated, but not markedly, and so is the toe, but it has 
not forced the second toe out of its proper alignment, nor is there any overlap of the bony 


Fic. 20 Fic. 22 
Mild hallux valgus in a schoolgirl of sixteen. Figure 18 shows the foot when not bearing 
weight. Figure 19 shows the foot bearing weight. Figure 20—Foot as seen through shoe. 
Figure 21—Sesamoids and sesamoid ridge. Figure 22—-Normal sesamoids for comparison. 


parts. The bones appear normal in structure apart from an increase in density of the medial 


side of the first metatarsal, a bony outgrowth from the base of the terminal phalanx, and an 
irregularity of ossification in the medial sesamoid, but the basal phalanx is slightly displaced 
laterally, and the lateral sesamoid is rather more exposed in the dorsal radiograph than 
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normally, especially in weight bearing (Fig. 19). When the foot is enclosed in a shoe (Fig. 20), 
the metatarsal, supported on its medial side, is not displaced so far, but the toe and its 
sesamoids are pressed farther laterally. The sesamoids still lie in their grooves and the 
metatarsal ridge between them is only slightly flattened (Fig. 21). 

A radiograph from a girl of twelve shows the change from the less severe condition in 
the right foot to the more severe in the left (Figs. 23 to 26), the movements of the bones and 


25 


Fic. 24 Fic. 26 
Figure 23——Unilateral early hallux valgus in a girl of twelve. Figure 24 shows the sesamoids. Figures 
25 and 26 show the normal foot. 


the crossing of the first two toes being evident. The contrast between the positions of the 
sesamoids in their proper grooves on the left and their displacements on the right is most 
striking, as is also the smoothing out of the ridge. The sesamoids of the more severely affected 
foot are larger than those of the less affected foot, a condition which supports the suggestion 
of Truslow (1925) and others that displaced sesamoids may become enlarged, though this is 


usually difficult to confirm in any individual case as the normal sesamoids show such great 
variability. The epiphyses on the more affected side are fusing prematurely, and the internal 
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structure of the right first metatarsal is less dense than that of the left, but the sagittal groove 
is not yet conspicuous. The heads of the other metatarsals are rarefied and their shafts 
thinned, and the basal phalanges are dumbbell-shaped, the ends appearing enlarged on account 
of the thinning of the shafts. 

In a similar case from another girl of twelve (Figs. 27 to 30) the loss of density in the 
metatarsal head and the enlargement of the displaced sesamoids are again evident. Miller and 


Pic. 29 


Fic. 28 Fic. 30 
Early hallux valgus in a girl of twelve. The deformity is slight in the left foot (Figs. 27 and 28) but severe 
in the right foot (Figs. 29 and 30). 


Arendt’s (1940) case also showed enlargement of the lateral sesamoids. In more severe cases 
the sagittal groove becomes strongly defined (Fig. 31) and osteophytes may appear on the 
margin of the medial eminence (Fig. 32). The eminence often has a squared-off appearance 
(Figs. 32 and 34) and, probably as a result of bone absorption on the medial surface of the 
shaft, may overhang the shaft as the cap of a toadstool its stalk (Volkmann 1856). The 
ridge on the metatarsal is smoothed out so that the head as a whole presents a rounded 
surface over which the sesamoids glide into the interspace between the first and second 
metatarsal heads. The lateral may come to lie vertically above the medial sesamoid with 
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Fic. 31 Fic. 32 
Figure 31—Severe hallux valgus in a woman of fifty-four. Note the sagittal groove 
and medial eminence. Figure 32—Marked hallux valgus in a woman of thirty-three 
showing lipping and “‘ squaring oft '’ of medial eminence. 


Fic. 33 Fic. 34 
Figure 33—Another case showing an eroded “ coral-like ’’ surface of the medial 
eminence. Figure 34—-Same case showing overhang of medial eminence. 


the originally medial margin of each turned towards the sole (Figs. 35 and 37) or they may lie 
side by side with the lateral out of all contact with the metatarsal head (Fig. 36). Eventually 
the phalanx may be displaced so far that only its medial edge still articulates with the 


metatarsal, the rest lying free in the interdigital space, as in Cleveland and Winant’s (1950) case. 

The displacement of the sesamoids is well known, and their replacement has been taken 
as a criterion of successful operation for bunion (Silver 1923). Truslow (1925) stated that 
they might become attached to the first or second metatarsal head, but other authors do not 
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Fic. 35 
Severe hallux valgus in a woman of fifty-four. 
The sesamoids have moved into the 
metatarsal space, turning on edge. 


Fic. 37 
Marked hallux valgus in a man of sixty-four. 
The medial eminence is destroyed and the 
lateral sesamoid is turned on edge. 


Fic. 36 Fic. 38 
Severe deformity in a man of fifty-three. Woman of fifty-seven. Large bunion and new : 
Note the new bone formation from the formation of bone on lateral side of metatarsal 7 
lateral side of metatarsal head and the head. a 


displaced sesamoids, the lateral being out of 
contact with the metatarsal. 


mention the point nor have we seen such a condition, though Inge and Ferguson (1933) 
found one making a pseudarthrosis with the second metatarsal head, as in our Figure 31. 


The elongation of the medial and the shortening of the lateral ligaments are also well 
understood (Stein 1938). The early disorganisation of the sesamoid articular surfaces of the 
metatarsal bone is less well known, though carefully described by several early workers 
(Volkmann 1856, Lane 1887, Anderson 1891, Heubach 1897). Thus Silver (1923) said that, 
except where joint disease has existed, the articular surfaces present “ little, if any, gross 
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change.” Freiberg (1924) said that they “ present no alteration of consequence,’ and Peabody 
(1931) “* had been left with the impression ” that the joint was “ in a very satisfactory state.” 
Stein's (1938) diagrammatic drawing of the cross-section of a joint in hallux valgus shows 
the two grooves and the ridge persisting in spite of displacement of the sesamoids though 
his Figure 5, a radiograph, shows the ridge destroyed. Such discrepancies probably arise 
from incomplete radiological examinations, for in dorsal view the metatarsal head may 
appear almost normal, while in antero-posterior view it appears grossly distorted (Figs. 2: 
and 24). The smoothing out of the ridge appears to be a constant and early feature of the 
deformity for it has been found in every case examined. We cannot agree with Inge and 
Ferguson (1933) that the ridge ‘is not high enough to prevent dislocation of the medial 
sesamoid laterally in severe hallux valgus ”’ for we have found that the sesamoid moves 
laterally only after the destruction of the ridge. In hallux varus the sesamoids move medially 
(Sloane 1935), but the state of the ridge is not known. 

Putschar (1937) noted regeneration of the cartilage in a fresh specimen with corresponding 
erosions of the medial sesamoid and metatarsal ridge, but regeneration is not discussed by 
other pathologists. The joint offers exceptional opportunities for this process, for, once the 
toe is displaced, the condition may become static while the tissues remain healthy. 


THE NATURE OF THE MEDIAL EMINENCE 


The earlier workers believed that the medial eminence was a pathological neomorph, a 
true exostosis. Thus Froriep (1834) suggested that a primary deviation of the toe stretched 
and inflamed the ligaments on the medial aspect of the metatarsal head and so caused a 
fibrocartilaginous outgrowth that eventually ossified. Volkmann (1856) found the prominence 
separate from the epicondyle and intracapsular in position, and suggested that it was a 
primary outgrowth and pushed the phalanx aside as a secondary effect. 

Lane (1887), on the other hand, considered the eminence to be not a new growth but a 
part of the metatarsal that had originally articulated with the phalanx, but which had become 
exposed as the toe was displaced laterally. He found that the exposed cartilage, out of 
contact with the phalanx, might become soft and inelastic, and lose its white colour, and that 
similar degenerative changes might occur in association with the displaced sesamoids. 
Anderson (1891) showed a preparation from an extreme case in which the toe made a right 
angle with the metatarsal and he also found tissue destruction rather than new formation 
in the region of the prominence. The detailed anatomical work of Payr (1894) and Heubach 
(1897) left no doubt that Lane’s theory was correct, but these studies are seldom considered 
by recent authors. Silver (1923) found the prominence formed “ usually only to a lesser 


degree by the actual bone hypertrophy,”’ and Stein (1938) that the “ so called ‘ exostosis’ ’ 
usually a myth ”’ (see also Elmslie 1926, and Jordan and Brodsky 


removed at operation was 
1951). Most writers, however, have taken the ‘‘ exostosis ’’ at its face value. 

Comparison of the two feet in Figures 23 to 26 shows that in this early case there has 
been no bony outgrowth on the medial side of the head on the more affected side, the 
prominence being entirely accounted for by the displacement of the phalanx, as Lane 
suggested. There is some new outgrowth on the lateral side in Figures 36 and 38 in relation 
to the displaced phalanx and sesamoids, but none on the medial side. Stein’s (1938) Figure 10, 
purporting to show “hypertrophy of the medial margin of the first metatarsal head ”’ 
especially on the right, actually shows the right and left bones of equal size and Truslow’s 
(1925) Figure 7, said to show ‘‘ marked redundant bone ”’ in a deviated metatarsal shows the 
lateral outgrowth clearly, though Truslow himself placed the extra bone on the medial side. 
In all these cases the prominence appears to be a part of the normal metatarsal head which 
originally supported the ligaments medially and the phalanx distally, though after displacement 
of the phalanx the whole surface comes into contact with the stretched ligaments. 
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In mild cases the cartilage over the eminence is well preserved, but later the eminence 
may lose its cortical layer, exposing an uneven surface of spongy bone (Répke 1904) or may be 
“fragmented, fibrillated and irregularly pitted ’’ (McMurray 1936), giving the coral-like 
formation figured by Simon (1918), as in Figure 30. Eventually the whole eminence may be 
lost as in Lane’s case (1887) and Figure 37. 

The ligament of the medial sesamoid is usually thickened at the same time as it is stretched 
(Figs. 11 and 12), presumably as a response to the increased strains thrown upon it, confirming 
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Fic. 39 
Severe hallux valgus in a woman of twenty-nine. Head of metatarsal exposed at operation. 


the observations of Anderson (1891) and others. In severe cases it is thin and softened, possibly 
as a result of a chronic inflammation associated with the adventitious bursa found overlying 
it in such cases (Fig. 38), and eventually the bursa and joint cavity may come to communicate 
(Clarke 1900) or the bursal walls may calcify. It seems likely that so long as the ligament is 
strong the pressure it exerts on the metatarsal head keeps the eminence over which it plays 
in a healthy state, but when it is inflamed and weakened the eminence atrophies. 

The sagittal groove has been ascribed to pressure of the margin of the phalanx by Clarke 
(1900), Jordan and Brodsky (1951) and others, but it seems more likely that it is formed by 
degeneration of the cartilage where it no longer supported the bone and where the ligaments 
are passing with straight fibres to the sesamoid and phalanx so that they also do not press 
on the cartilage (Fig. 14). The weakness of the bony trabeculae deep to the groove and their 
arrangement parallel to the surface as seen in section (Payr 1894, Heubach 1897, Putschar 
1937) suggest that the groove is a region of minimal pressure, and is a fossa nudata (Modes 
1939) due to lack of adequate stimulation rather than an erosion due to excess. The more 
ventral part of the groove incorporates the old groove for the medial sesamoid which is no 
longer recognisable as a separate depression (Fig. 8). 

When the phalanx is greatly displaced the groove may progress towards the lateral side, 
and the cartilage on the metatarsal may become restricted to the lateral half of the head. 
A photograph taken at operation (Fig. 39) shows particularly clearly the contrast between 
the polished hyaline cartilage and the dulled degenerate tissue over the medial eminence. 


voL. 36 B, No. 2, May 1954 


H 


roove 
| / Be 
im > 
ae 


R. W. HAINES AND A. McDOUGALL 


THE FIRST CUNEO-METATARSAL JOINT IN HALLUX VALGUS 


In spite of the deviation of the first metatarsal in hallux valgus the cartilages of the 
cuneo-metatarsal joint appear normal, and the ligaments are strong and allow only a normally 
restricted range of movement (Fig. 42). Ewald (1912), from a study of radiographs, found 
the varus deviation usually (sixteen of twenty cases) associated with an obliquity of the 
articular surface of the cuneiform, more rarely (four cases) with an oblique setting of the base 
of the metatarsal similar to that found in the head of the tibia in genu valgum, whereas in 
normal individuals the joint was usually set transversely and was only occasionally oblique 


Fic. 40 41 
Woman of twenty-six. Two radiographs of same foot taken at different angles and with the 
toe held in different positions. The cuneo-metatarsal joint appears oblique in Figure 40 
and transverse in Figure 41, and the sesamoids appear to be level in the one and not level in 
the other. 


(eight or ten of 100 patients without hallux valgus). Berntsen (1930) confirmed this work, 
finding the joint set obliquely in twenty-five of thirty-seven cases of valgus, but in only 


eleven of 165 normal subjects. But Simon (1918) published, side by side, radiographs of 


the same foot taken dorso-ventrally and ventro-dorsally, which appeared to show in the one 
case an oblique and in the other a transverse setting, and we have obtained similar results 
in dorso-ventral views taken at different angles of incidence (Figs. 40 and 41). Most later 
workers have not mentioned the joint. 

Our anatomical preparations, however, though too few for statistical study, support 
Ewald’s observations. When the first cuneiform from a normal foot is dissected out and 
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laid flat on the table little of the joint surface can be seen (Fig. 43) but in bones from subjects 
with hallux valgus, the surfaces usually look medially as well as distally (Figs 44 and 45). 
Similarly the metatarsal base is often set obliquely, but by no means invariably so. Thus 
both cuneiform and metatarsal usually take part in the alteration of alignment, but one or 
the other may take the chief part, though in individual cases it is difficult to judge the 
proportions as the normal variations are so wide and radiographs so difficult to interpret. 
The results of stapling used surgically to correct the metatarsus varus in young patients 
(Ellis 1951) show that the base of the metatarsal can adapt itself to changed conditions of 
pressure without gross pathological change, and though the cuneiform has no epiphysis it 
also is growing in adolescence, and can alter its shape. There is no convincing evidence of 
any primary lesion of the joint that could be regarded as a cause and not as a result of hallux 


valgus. 
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Fic. 45 
The first cuneiform bone and the cuneo-metatarsal joint. Figure 42—The joint 
in hallux valgus, medial view. Figure 43—Cuneiform from a normal foot. 
Figures 44 and 45—Cuneiforms from cases of hallux valgus. 


Payr (1894) maintained that the presence of a joint between the bases of the first and 
second metatarsals, as in Figures 23 and 41, though often described as a normal variation, 
was in fact an acquired deformity due to hallux valgus. The point is difficult to decide without 
access to peoples who wear no shoes and have no trace of valgus, but would imply some 
lateral displacement of the base of the first metatarsal, forcing it against the second. There 
is no evidence of any medial deviation of the first cuneiform, or of any opening up of the 
first intercuneiform joint. 


THE BINDING MECHANISM OF THE METATARSAL HEADS 
A dissection of a normal foot from the medial surface (Fig. 46) shows the metatarso- 
phalangeal joint partly covered by a number of muscular expansions. The medial fibres of 
the expansion of the long extensor tendon, or “‘ medial hood ligament "’ (Haines 1951), is a 
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square fibrous sheet attaching the tendon of the extensor hallucis longus to the plantar pad, 
to the periosteum of the proximal phalanx, and to the fibrous flexor tunnel. It covers the 
insertion of the short extensor into the proximal phalanx and passes deep to the conjoined 
tendon of the abductor and the medial head of the short flexor and to a slip of the plantar 
aponeurosis, all inserted on the phalanx. 
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Fic. 46 
Normal forefoot in medial view. 
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Fic. 47 
Same specimen as Figure 46, with plantar aponeurosis turned back. 


Though these structures lie medial to the joint, and are to some extent blended together 
to form a sheath around it, they are all attached to the basal phalanx and not to the metatarsal 
itself. Thus when the phalanx is abducted it carries the attachments with it, so that the 
joint, already exposed when the toe is directed forwards, becomes more so as the toe moves 
laterally (Fig. 13). In fact the only structures on the medial side of the joint that tie the 
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metatarsal head in place are the ligaments of the joint itself, the collateral ligament and the 
ligament of the medial sesamoid. 

On the plantar surface the aponeurosis, turned back in the dissection (Fig. 47), ends in a 
regular series of slips. The strongest is that already mentioned as passing partly to the medial 
sesamoid and partly deep to the conjoined tendon to reach the medial side of the basal phalanx. 
The second slip is attached to the lateral sesamoid, and its fibres help, with those of the first 
slip, to bridge over the long tendon and so constitute the entrance to the fibrous flexor tunnel. 
The third slip cuts off a compartment for the digital nerves and vessels from a compartment 
for the first lumbrical muscle, and the remaining slips continue to build similar compartments 
for the corresponding structures in the other toes. The aponeurosis is thick and strong, but 
the great majority of its fibres are arranged longitudinally, forming one of the main elements 
in the support of the longitudinal arch of the foot. Only a few superficial fibres are arranged 
transversely to form the “ superficial transverse ligament of the sole.’’ Even such transverse 
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Same specimen as Figure 46, deep dissection. 


strength as the aponeurosis may possess is exerted, not directly on the metatarsal bones to 
which it has no attachments, but on the basal phalanges. 

Deep to the flexor tendons and lumbricals is found a band of structures running 
transversely across the metatarsal heads, clearly concerned in their retention in proper 
alignment (Fig. 48). Each tendon of the flexor digitorum longus rests in a groove on a plantar 
fibrous pad of about the same length as the pad of the first toe but much narrower from side 
to side, and seldom ossified. The medial and lateral edges of the pad receive the two slips 
of the aponeurosis that enclose the long and short flexor tendons, and it requires great force 
to tear these slips away from the pad. 

The five pads are jointed by the four deep transverse ligaments of the sole (Fig. 49). 
These separate the neurovascular and lumbrical compartments from the deeper intermetatarsal 
spaces which contain the interosseous muscles and, in the case of the first space, the conjoined 
tendon of the oblique and transverse heads of the adductor hallucis and lateral head of the 
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flexor hallucis brevis as they converge on the lateral sesamoid bone. Each ligament receives 
on its superficial surface the slip of the aponeurosis that separates the lumbrical from the 
neurovascular compartment. The ligaments are composed of parallel bundles of fibres attached 
together by looser connective tissue, the usual structure of true ligaments or tendons. In the 
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Fic. 49 
Plantar pads and deep transverse ligaments fully exposed. 
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Same specimen as Figure 49; plantar pads in dorsal view. 


pads the fibres are closely packed and are irregular in arrangement, so that the pads do not 
tear easily in any direction. 

Removal of the muscles isolates the ligaments which are attached to the pads but not 
directly to the bones. The pads are in turn attached to the phalanges, but on either side 
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they are bound by the ligaments of the plantar pads to the metatarsals. Thus separation of 
the metatarsal heads is resisted by the transverse ligaments through pulling the pads. 

The dorsal surfaces of the pads are best examined by the removal of the metatarsals 
(Fig. 50) leaving the hollows in which their heads rested. The first joint shows the two 
sesamoids and the two conjoined tendons, the others the smooth hollows for the metatarsal 
heads formed by the concave dorsal surfaces of the pads, flanked by the ligaments of the 
pads and by the insertions of the interosseous muscles. The specimen from which Figures 
49 and 50 were drawn was a marked example of the “ Greek ’’ type of foot, having a second 
toe projecting far beyond the first. The cartilages were in excellent condition in spite of the 
subject's eighty-six years (Figs. 5 and 6). 


THE LIGAMENTS IN HALLUX VALGUS 

In spite of Volkmann’s (1856) clear statement to the contrary, it has often been supposed 
that the deep transverse ligaments were attached directly to the heads of the metatarsal 
bones, so that when the bones were spread the ligaments were necessarily stretched 
(Lapidus 1934, McMurray 1936), and the substitution of radiological for anatomical 
investigations has left this conclusion unchallanged. A specimen from a muscular male 
showing well marked spreading of the metatarsals and deviation of the marginal toes with 
clawing of the other three toes shows that in fact the deep transverse ligaments are neither 
markedly stretched nor displaced (Fig. 7). The second and third ligaments passing between 
the second, third and fourth pads are in their usual positions. The first lies between the 
normally placed second pad and the displaced first pad with its contained sesamoid bones. 
The first metatarsal head in moving medially has left the sesamoids behind, tied in their 
old position by the ligament supplemented by the adductor hallucis pulling through the 
lateral conjoined tendon. The ligament that has actually given way is not a transverse 
ligament but the ligament of the medial sesamoid. In surface view this is obviously stretched, 
and in a sawn section (Fig. 11) its fibres appear longer than those of the lateral ligament 
which is not stretched. 

In dorsal view (Fig. 51) the first pad appears at first sight to contain three sesamoids, 
for there are three polished areas. Closer examination shows that the third “‘ facet ’’ is actually 
a polished area of the ligament of the medial sesamoid developed in relation to the eminence 
over which it turns (Fig. 10). The specimen also shows deviation of the fifth metatarsal, 
a condition mentioned by Hohmann (1925) and by Gottlieb (1930) who gave directions for 
its surgical correction, and by Bankart (1935) who recommended amputation. Here again 
it is evident that the fourth transverse ligament is still sound, whereas the lateral ligament 
of the fifth pad has been grossly stretched allowing the metatarsal head to leave the pad, 
whose position is indicated in ventral view (Fig. 7) by the position of the tendons that cross 
it, and in dorsal view (Fig. 51) by the small sesamoid developed in it. 


THE MUSCLES IN HALLUX VALGUS 


The tendons of the muscles that move the great toe are arranged round the metatarso- 
phalangeal joint in four groups. The long and short extensors pass dorsally, the long flexor 
on the plantar surface. The two conjoined tendons pass medially and laterally, but much 
nearer the plantar than the dorsal surface, so that the dorso-medial and dorso-lateral aspects 
of the joint are covered only by the hood ligaments that bind the long extensor tendon in 
place (Fig. 46). Even in the normal foot the long flexor and the two extensors are 
somewhat obliquely placed so as to adduct the great toe towards the second in addition to 
their main actions, particularly when the toe is already adducted, and when the ligaments 
are stretched this adduction component becomes very strong. 

In a specimen showing severe valgus with bunion formation the muscles are in reasonably 
good condition so far as their structure is concerned but they are displaced. The medial 
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hood ligament is stretched (Fig. 52) so that the long extensor tendon is displaced laterally 
and when it is pulled it not only extends the toe but also adducts it. The sesamoids are much 
displaced and the abductor hallucis has moved on to the plantar surface of the metatarsal 
and so lost all power of abduction, confirming the observations of Silver (1923) and Stein 
(1938), though we cannot agree with Stein’s suggestions that it occupies the groove on the 
metatarsal for the medial sesamoid; for, with the obliteration of the ridge and development 
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Plantar pads and deep transverse ligaments in dorsal view. 
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Severe hallux valgus with bunion, showing the muscles in dorsal view. 


of the sagittal groove, the medial sesamoid groove has disappeared. Nor can we agree that 
it is the pressure of the muscle that has displaced the sesamoids. 

The long flexor tendon has moved laterally with the sesamoids and now acts as a bowstring 
across the angle of the joint so that tension on the tendon again increases the valgus (Fig. 53), 
as suggested by Volkmann (1856) and many others, and the two heads of the short flexor 
are also displaced laterally relatively to the metatarsal head. We cannot confirm Silver's 
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(1923) suggestion that the adductor is shortened, for, though the lateral sesamoid and basal 
phalanx are displaced relatively to the first metatarsal, they are no nearer the other metatarsals 
than in the normal foot (compare Figs. 49 and 51). Thus in the normal foot there is already 
some tendency for the toe to be pulled into valgus, but while the ligamentous and sesamoid 
mechanisms are intact this tendency is not realised. Once the toe has begun to move, however, 
the deformity is likely to be progressive. 

None of the muscles mentioned is inserted into the metatarsal itself, so that Girdlestone 
(1936) has suggested that ‘‘ the forefoot is held together by the structures inserted in the 
proximal phalanx of the big toe, and by them alone,” and he and Spooner (1937) stated that 
in hallux valgus “ the fore-foot is splayed not through stretching of the adductor structures, 
but because the first metatarsal head escapes from the control exercised by the base of the 
proximal phalanx into which the muscles are inserted. The phalanx and the sesamoids 
remain held by the adductors, while the first metatarsal head drifts away out of control.”’ 
We would agree in general but would point out the stretching of the medial ligaments, and 
lay emphasis on the transverse ligaments rather than on the adductor muscle, since the 
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Same specimen as Figure 52, plantar view; position of adductor hallucis 
indicated. 


fifth toe is often affected like the first though it has no adductor. If the metatarsal were 
controlled only through the phalanx it would drift away after hemiphalangectomy in Keller’s 
operation for hallux rigidus; that it does not in fact do so shows that the adductor is not 
necessary for holding it in place. 


THE DIGITAL ARTERIES IN HALLUX VALGUS 

The diagrams of the earlier writers show the transverse head of the adductor hallucis 
arising directly from the metatarsal bones (McBride 1928, Hiss 1931, Stein 1938). It is now 
known that the entire head arises from the proximal margins of the deep transverse ligaments 
and plantar pads, leaving a series of gaps through which the plantar metatarsal arteries pass 
plantarwards to reach the neurovascular compartments and become the common digital 
arteries (Figs. 38 and 50). The gaps are also used by the nerves to the second, or second and 
third, lumbrical muscles. Nissen (1951) showed a good photograph of a gap taken at operation 
and suggested that pressure on an artery as it passed through the gap might, under certain 
conditions, cause ischaemic pain. This might well occur under conditions of tension in the 
ligaments and muscles in hallux valgus, and more especially in the case of the first artery 
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which has a tortuous course, winding between the two heads of the short flexor and then 
superficial to the lateral conjoined tendon, just proximal to the lateral sesamoid, to reach 
the first interspace (Fig. 7). Pain may be felt in the web between the first and second toes 
and pressure on this artery seems a more likely cause of pain than irritation by osteophytes, 
suggested by Allan (1940). 

SUMMARY 
1. The anatomy of the forefoot in hallux valgus is compared with the normal, with a review 
of the literature and descriptions of anatomical preparations, observations at operation and 
radiographs. 
2. The early and essential lesions are stretching of the ligaments on the medial side of the 
metatarso-phalangeal joint that attach the medial sesamoid and basal phalanx to the 
metatarsal, and erosion of the ridge that separates the grooves for the sesamoids on the 
metatarsal head. 
3. In established hallux valgus a sagittal groove, formed where the cartilage is free from 
pressure by either the phalanx or the ligaments, cuts off a medial eminence, which articulates 
with the stretched ligaments, from a restricted area for the phalanx. 
4. Apart from osteophytic lipping which squares off the outline of the eminence as it is seen 
in radiographs and a small amount of lipping of the ridge on the metatarsal there is no evidence 
of new bone growth. In chronic cases the eminence may degenerate or disappear. 
5. The articular surfaces at the cuneo-metatarsal joint become adapted to the changed 
positions of the metatarsal without gross pathological change. 
6. The four deep transverse ligaments that bind together the five plantar pads of the 
metatarso-phalangeal joints are not unduly stretched, so that as the metatarsals spread it is 
the ligaments that bind the pads to the heads of the metatarsals that give way. 
7. The plantar metatarsal artery to the first space pursues a tortuous course between the 
two heads of the flexor hallucis brevis. In hallux valgus the course becomes still more tortuous 


and part of the pain experienced may be due to ischaemic effects. 
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AN EXPERIMENTAL STUDY OF MUSCLE GROWTH IN THE RABBIT 
G. N. C. CRAWFORD, OXFORD, ENGLAND 
From the Department of Human Anatomy, Oxford 


Descriptions of the growth of voluntary muscle are based almost entirely on the 
examination of histological sections. The greater part of a growing muscle fibre has the 
characteristic striated structure, but at its extremities there is a region of undifferentiated 
sarcoplasm where rapid nuclear proliferation occurs. This is presumably accompanied by 
formation of new sarcoplasm which later becomes differentiated to form the structure of the 
striated muscle fibre. Longitudinal growth is thus generally believed to take place mainly, 
if not exclusively, at the end of the fibre ; and such a view has been supported by Riedel (1874), 
Froriep (1878), Felix (1889), Mingazzini (1889), Morpurgo (1899), Heidenhain (1911), Schmidt 
(1927) and Carr (1931). Since in a strap muscle or a fusiform muscle many fibres terminate 
at the ends of the muscle belly, it might be supposed that the growth of the muscle as a whole 
would occur mainly here. This supposition has not been proved, however, and there is in 
fact very little direct evidence concerning longitudinal growth of the muscle belly. Perhaps 
the most satisfactory is that of Speidel (1938), who, after prolonged observation of the 
myomeres in the tails of living tadpoles, concluded that growth actually does take place in 
the way described. 

In a study on tendon growth Crawford (1950) described a method of placing small 
indian ink marks at intervals along the tendons in young rabbits. The distance between 
the marks was measured during the operation and again after an interval, and the site of 
growth was thus determined. This method has now been applied to the muscle belly, where 
it proved equally informative. An additional method was devised for marking the deep part 
of the muscle substance by inserting at intervals thin pieces of wire into the muscle belly 
and measuring the distance between them on radiographs taken before and after a period 
of growth. These experiments provided confirmation of the results obtained by the indian ink 
technique. 

It is widely believed that the form of a muscle belly is highly adapted to its function; 
this has been stressed, for example, by Frohse and Frankel (1908). Haines (1932) suggested 
that a muscle belly usually contracts only by a certain proportion of the length of its fibres, 
and that the length of the muscle belly is correlated with the distance it is required to contract 
to cause full movement of the joint on which it acts. It may be possible to deduce how the 
length of the muscle belly is adapted to its function, but the immediate factors that determine 
the extent of its growth before and after birth are quite unknown. An experiment was 
therefore devised to alter the distance through which a muscle had to contract in order to 
produce its normal degree of movement, with the intention of determining whether this 
leads to any alteration in the extent of its ultimate growth. 


EXPERIMENTAL MATERIAL 


Rabbits were used for the experiments and were operated on when about five weeks old. 


At this age they are growing rapidly and they stand the experimental procedure well. 
The muscle tibialis anterior was investigated because it is readily accessible, of convenient 
length and relatively simple in structure, and because its function can be easily modified. 


THE GROWTH OF A MUSCLE AS DETERMINED BY INDIAN INK MARKING 
Technique—In each of five experiments the rabbit was anaesthetised with nembutal and 
placed with the leg fully extended at the knee and the foot fully plantar-flexed. The muscle 
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belly of tibialis anterior was exposed, and small marks were made at intervals of four to 
seven millimetres along its anterior surface with a fine needle, the point of which had been 
dipped in indian ink. Much of the ink remained on the surface of the muscle but some was 
deposited within its substance. The diameter of each mark was about one millimetre. The 
distance between the marks was measured with fine dividers and a ruler graduated to 0-5 
millimetres. Because of the disposition of the leg during the operation the distance between 
the marks was measured while the muscle belly was fully extended. The most proximal 
mark was usually from three to five millimetres distal to the 
tibial tuberosity. The most distal mark was three millimetres 
proximal to the muscle-tendon junction in rabbits 1 and 2, 
whereas in the other three it was on the junction. 
From fifteen to twenty-two weeks later the muscle belly 
was again exposed under anaesthesia and the distances between 
the marks were again measured, with the muscle fully extended. 
By this means the longitudinal growth that had occurred in each 
of the marked segments of the muscle belly was determined. 
The indian ink marks survived well (Fig. 1), but each mark 
tended to spread slightly so the measurements were always made 
from their centre. 
In all cases the experimental tibialis anterior never differed 
from its normal counterpart of the opposite leg in appearance, 
in length of belly (within | millimetre) or in extent of contraction 
on stimulation. There were no adhesions limiting movement of 
the muscle belly, and its fascial sheath was invariably intact. 
Except for a very slight and localised fibrous tissue reaction 
around some of the ink marks on the surface of the muscle, but 
never within it, the experimental muscle tissue and the intact Fic. 1 


side were indistinguishable histologically. Indian ink marks made on the 
muscle belly of tibialis anterior 
Results—The results are shown in Figure 2. The total amount = at an operation performed 


of growth in the muscle belly varied considerably from animal to twenty-two weeks before the 


rabbit was killed. 
animal. In every case, however, the distance between the 


adjacent marks increased, thus indicating that longitudinal growth had occurred throughout 
the length of the muscle belly. The amount of growth in the various segments can be more 
readily compared in Figure 3. Here the increase in length of each segment, expressed as a 
percentage of its initial length, is plotted against the distance of the segment from the 
muscle-tendon junction. The amount of growth apparently varies to some extent from 
segment to segment. However, since the total amount of growth in each segment was always 
quite small, an error of measurement of only 0-5 millimetres might give rise to a difference of 
10 per cent in the growth illustrated in Figure 3. Many more experiments would be required 
to show whether there is any significant difference. 


THE GROWTH OF A MUSCLE AS DETERMINED BY MARKING WITH WIRE 
Technique—The tibialis anterior in each of four rabbits was exposed as before with the leg 
arranged so that the muscle belly was fully extended. Tantalum wire, 0-08 millimetre thick 
and contained in glass capillary tubes, was inserted through the middle of the muscle belly. 
The capillary tube was then withdrawn and the wire left threaded through the muscle about 
half-way between its anterior and posterior surfaces (Fig. 4). The free ends of the wire were 
brought across the front of the muscle and tied without constricting it. Preliminary 
experiments had shown that unless the wire was tied in place it almost invariably worked 
loose in two or three days. Five or six wires were thus inserted through the muscle belly 
at intervals along its length, and the distance between them was measured. The distance 
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Diagram illustrating the longitudinal growth of the muscle bellies 
of tibialis anterior, which had been marked with indian ink in the 
growing rabbits. The vertical lines are in pairs; the left line of 
each pair represents the muscle belly, extended by plantar flexion 
of the foot, at the time of the operation, and the right member of 
the pair represents the same muscle belly at the end of the 
experimental period, again with the foot plantar-flexed. (The 
upper part of each vertical line represents the proximal part of 
the muscle belly.) Each of the five pairs of lines represents one 
of the experimental animals. The oblique lines join the position 
of the same ink marks at the beginning and the end of the 
experiment. The diagram is drawn to scale and hence shows the 
amount which each marked segment of the muscle belly has grown. 


PERCENTAGE GROWTH OF SEGMENT 
A 


Ss 10 1S 20 25 3OMM 
DISTANCE OF MID POINT OF SEGMENT FROM MUSCLE TENDON JUNCTION 


Fic. 3 


Diagram illustrating the amount of growth in the various segments defined by 
the marks in the muscles of Figure 2. The numbers against the curves 
correspond with those in Figure 2. 
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of the most proximal piece of wire from the tibial tuberosity was five to eight millimetres, 
and the most distal wire from the muscle-tendon junction three to four millimetres. 

Within forty-eight hours of the operation a radiograph of the leg was taken, with the 
leg fully extended at the knee and the foot fully plantar-flexed. The anterior surface of the 
leg was pressed up against the x-ray plate; the x-ray tube was at 72 centimetres distance. 
The distances between the middle of those parts of the wire situated within the muscle belly 
were measured on the radiograph. The distance between the wires was measured during the 
operation only to serve as a check and it was found that these measurements never differed by 
more than half a millimetre from those taken from the radiographs. After from seventeen to 
twenty-eight weeks the fully extended leg was radiographed with the plate and x-ray tube 
in the same position as before. The distance between the wires was again measured on the 
radiograph, and the growth of the segments was thus determined. 


Fic. 4 Fic. 5 
Figure 4—Method of inserting wires. Figure 5—Wires inserted twenty 
weeks before. 

The rabbit was then killed and the experimental tibialis anterior examined and compared 
with its normal fellow. The wires were buried in the muscle and were often difficult to find. 
The dissection needed to reveal the wires altered their position, and their distance apart 
after dissection was therefore not measured. The experimental muscle belly never differed 
from its normal fellow by more than two millimetres in length, and contracted equally when 
stimulated. There were no adhesions limiting movement. The experimental muscle was 
histologically normal except for a localised fibrosis around the wire. 

Results—The results are shown diagrammatically in Figure 6, all measurements having 
been taken from the radiographs. Since the distance of the most distal piece of wire from 
the muscle-tendon junction could not be measured on the final radiograph, a small region 
of the most distal part of the muscle belly is not represented in the diagram. For the same 


reason, the growth of the most proximally lying segment of the muscle was not recorded. 


The diagram shows that all the marked segments have elongated, and that longitudinal 
growth has occurred throughout the length of the muscle belly. Figure 7 shows the percentage 
increase in length of each segment which does not appear to vary significantly between the 
segments. These results agree well with those obtained from marking the surface of the 
muscle belly with indian ink. 
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THE EFFECT OF TRANSFERRING THE TENDON OF TIBIALIS ANTERIOR 
IN FRONT OF THE CRURAL LIGAMENT 
Experiments were devised to ascertain whether the ultimate growth in length of the 
muscle belly of tibialis anterior is determined to any extent by the distance through which 
it needs to contract in order to dorsiflex the foot to the normal extent. 


Fic. 6 
As in Figure 2, with wire markers instead of ink. The 
bottom end of each vertical line represents the muscle- 
tendon junction. 


PERCENTAGE GROWTH OF SEGMENT 


10 IS 20 25 30 MM. 
DISTANCE OF MID POINT OF SEGMENT FROM MUSCLE TENDON JUNCTION. 


Fic. 7 
Diagram illustrating the amount of growth in the various segments of the 
muscles of Figure 6. 


Technique—In eight rabbits the crural ligament and the adjacent fascia overlying the 
tibialis anterior were divided. The connective tissue underlying about the most distal 
centimetre of the muscle belly and the most proximal centimetre of the tendon of tibialis 
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anterior was cut through. This part of the tibialis anterior was thus mobilised and brought 
forward anterior to the crural ligament, and the latter was then sutured so that it lay deep 
to the tibialis anterior, but superficial to the remaining extensor tendons (Fig. 8). Thus the 
restraining influence of the crural ligament, which 
normally keeps tibialis anterior approximated to 
the front of the ankle joint, was eliminated. The 
operation did not appear to interfere significantly 
with the blood supply of the muscle or tendon. 
The effect of this experiment is shown dia- 
grammatically in Figure 9. Normally the length 


which tibialis anterior must contract in order to 
dorsiflex the foot fully is represented by the 
difference between 1) the length from the crural 
ligament to the point of insertion of the tendon 
when the foot is fully plantar-flexed and 2) the 
similar distance when the foot is fully dorsiflexed. 


On the other hand, under the conditions imposed 
by the operation, the distance which the muscle 


needs to contract is represented theoretically by 
Fic. 8 


f the tibialis Diagram illustrating (left) the normal position 
rom the origin to the imsertion o le T1D1as of tibialis anterior and (right) the tibialis anterior 


anterior when the foot is fully plantar-flexed, and after transfer in front of the crural ligament. 


the difference between 1) the shortest distance 


2) the similar distance when the foot is fully 
dorsiflexed. It will be seen from the diagram that the distance which the muscle must contract 
to effect the same movement is increased by the operation. In practice the difference is not 


foot in flexion 


t/b/olis anterior, normal 
——tib. ont. ofter operation foot in extension 
Fic. 9 

Diagram illustrating the course which tibialis anterior normally 

takes while the foot is plantar-flexed and dorsiflexed, and the 

course theoretically taken after its transference in front of the 

crural ligament. (Not to scale.) 

as great as this suggests, because the restraining function of the crural ligament is partly 
taken on by skin and fascia. If the growth in length of the muscle belly is to any extent 
determined by the distance which it needs to contract in order to effect full movement at 
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the joint on which it acts, it might be expected that in this experiment the muscle belly of 
tibialis anterior on the side of operation would ultimately be longer than normal. It was 
in order to test this hypothesis that these experiments were carried out. 

After twelve months, when the rabbits were fully grown, the length of the muscle belly 
was measured in the normal and experimental leg. The junction between the muscle belly 
and tendon, and the insertion of the tendon into the base of the first metatarsal, are well 
defined so that measurement of the length of the tendon is easy. The origin of the belly, 
however, is quite extensive, for its fibres are attached to the lateral condyle of the tibia, 
the lateral surface of the tibial tuberosity, and the upper third of the antero-lateral surface 
of the tibia. A well defined point was therefore selected at the distal border of the tibial 
tuberosity—that is, at approximately the mid-point of the origin of the muscle, and the 
distance between this and the muscle-tendon junction was taken to represent the length of 
the muscle belly. 

TABLE I 


COMPARATIVE LENGTHS OF NORMAL AND EXPERIMENTAL TIBIALIS ANTERIOR ONE YEAR AFTER TRANSFER 
OF ONE MUSCLE IN FRONT OF THE CRURAL LIGAMENT 


Length of muscle belly | Excursion of Length of muscle belly 
(millimetres) muscle belly (millimetres) 
Rabbit ; iin expressed as under tension of: 
number (million facet With foot With foot percentage of 
fully fully fullyextended 20 50-100 200 
plantar-flexed dorsiflexed length gm. gm. gm. gm. 
1 Normal .. 49 46 
Experimental $2 63 
° Normal .. 47 47 29-5 38 
i Experimental 37 56:5 35 38 
3 Normal .. 31 63 37 41 54-5 | 57:5| 59 60 
: Experimental 33 79 45 43 76 73 77 77 
4 Normal. . 56 60 30 50 96°5 | 57-5 59 61 
Experimental 48 67 30-5 54 61 63-5 67 70 
5 Normal .. 49 60 33 45 54 57-5 | 59-5| 62 
Experimental 38-5 70 37 47 64 67 69 71 
6 Normal .. 54 54 31-5 42 50 52 55 56 
Experimental 48 59 33 44 51:5) 55 56°5| 57 
= Normal .. 51 54 32-5 40 50 51 53°5| 56 
4 Experimental 33 70 39 44 63 65 66 69 
8 Normal .. 50 55 29 47 53 55 57 59 
. Experimental 41 63-5 33 48 60 63 64-5 66 


The length of the muscles was measured in the same way in the normal and experimental 
legs. The rabbit was anaesthetised and the tibia was firmly held by being transfixed at either 
end with drills mounted in clamps. The flexor tendons on the posterior aspect of the tibia 
were cut. Sufficient fascia and connective tissue covering the muscle were also removed to 
afford a good view of the muscle-tendon junction, but the fascia was disturbed to the minimal 
extent in order to observe and measure the contraction of the muscle belly under as normal 
conditions as possible. The lengths of tendon and belly of tibialis anterior were measured 
with the foot fully plantar-flexed. The muscle belly was then subjected to faradic stimulation 
strong enough to dorsiflex the foot as far as possible, and was again measured. Finally the 
sciatic nerves were divided, the tendon of the normal and of the experimental tibialis anterior 
was cut at its insertion, tethered to a weighted cotton thread and passed over a pulley. 
Increasing tensions from 20 grammes to 200 grammes were then applied, and the lengths 
at different tensions were recorded. 
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Results—The results of these experiments are shown in Table I. In the first rabbit only 
the lengths of the tendon and of the muscle belly in full extension were recorded, and in the 
second the lengths of the muscle belly under known tensions were not ascertained. 


Tendon—lIt will be observed that the tendon in the experimental leg was always considerably 
shorter than the normal (Fig. 10); the reason will be discussed below. 

Muscle belly—In plantar flexion, when the 
muscle was fully extended in situ, the length 
of the experimental muscle belly was always 
greater than the normal. The sum of the lengths 


of the extended muscle belly and the tendon 


represents the total length of tibialis anterior. 
In all cases this was about the same in the 
normal and experimental leg. The reason for 
this is that in full plantar flexion the foot and 
the tibia he in about the same straight line, 
and the distance between the origin and insertion 
of tibialis anterior must therefore be the same 
on the two sides. When the tibialis anterior was 
stimulated to contract maximally the normal 
and experimental muscle bellies shortened by 
about the same proportion of their extended 


lengths. This was in both cases sufficient to 
cause full dorsiflexion of the foot. When 
fully contracted in this way the length of the 
experimental muscle belly was, in all but one 
case, longer than the normal. 

The farther the tibialis anterior is able to 


start forward from the ankle during contraction 


Fic. 10 


the shorter will be its course from origin to On the left is shown the adult tibialis anterior 


insertion during dorsiflexion of the foot, and the — Muscle and tendon, which had been transterred 
; in front of the crural ligament at an operation 
performed when the rabbit was five weeks old 
contract in order to effect this movement. The On the right is the normal adult tibialis anterior 
from the opposite leg of the same animal. The 
measurements of these structures are given in 
experimental muscles (and tendons) in the adult Fable IT (Rabbit 1). 


greater therefore will be the distance it must 


difference in length between the normal and 


rabbits varied, probably with the effectiveness 
with which the restraining effect of the crural ligament was replaced by the overlying 
fascia and skin during growth. But the important feature of the experimental results is 
that in every case the experimental muscle belly was longer than its normal fellow, often 
considerably. 

It remains possible that the primary difference between the normal and experimental 
tibialis anterior might be the shortness of the tendon on the abnormal side. The difference 
in the length of the course of the normal and experimental tibialis anterior during full 
dorsiflexion of the foot would then be compensated for by a corresponding shortness of the 
tendon in the experimental leg. In fact, however, it can be calculated from the figures given 
that the tendon, in every case but one, is shorter than would be expected on this hypothesis 
and that the muscle belly is correspondingly longer. It seems unlikley that this can be 
explained except by the functioning of the muscle belly during dorsiflexion. 

Finally, when tibialis anterior was subjected to varying tensions it was found that the 
experimental muscle belly was longer than its normal counterpart (Table 1). The increase in 
length of the muscle on the side of operation was of the same order as the increase found to 
be present with the muscle in situ and the foot fully plantar-flexed. 
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DISCUSSION 

The results of measuring the growth of the tibialis anterior muscle in the rabbit, by 
marking with indian ink or with inserted wires, are in good accord. Both methods demonstrate 
that longitudinal growth occurs fairly evenly throughout the length of the muscle belly. 
It remains uncertain, however, whether this applies to the individual fibres of a muscle. 
These probably only rarely extend the whole length of a muscle, and there is no evidence 
that they do so in the tibialis anterior; its interstitial growth could therefore result from growth 
at the ends of the component fibres and some rearrangement of their position. The histological 
evidence previously mentioned suggests that the individual muscle fibre grows predominantly, 
if not exclusively, at its extremities and that interstitial growth throughout its length does 
not occur. 

In young rabbits the muscle belly of the tibialis anterior which has been transferred in 
front of the crural ligament grows to a somewhat greater length than the normal. In the 
adult animal the final lengths of the experimental muscle belly and the normal of the intact 
limb appear to be such that contraction by the same percentage of their extended lengths 
causes approximately the same degree of dorsiflexion in the foot. This supports the widely 
held assumption that there is a relationship between the length of a muscle belly and the 
distance through which it must contract in order to produce full movement of the joint on 
which it acts. The immediate cause of the increased longitudinal growth of the displaced 
muscle belly is unknown; but, possibly, changes in the tensions to which the muscle and 
tendon are subjected play a part. Thus, for a time immediately after transfer of the tibialis 
anterior in front of the crural ligament, while the belly was still of normal length, its diminished 
course in dorsiflexion of the foot might imply diminished tension. This might explain the 
initial retardation in growth of the tendon. As growth failure appears to be greater than would 
suffice to compensate for the decreased course of the tibialis anterior, there is an actual 
(and not merely a relative) increase in the growth rate of the muscle belly, which requires 
further explanation. Possibly a muscle shortened by more than a certain proportion of its 
extended length does not exert enough tension to stimulate tendon growth. If so, realignment 
of the tibialis anterior might necessitate such an increased excursion of the belly during 
dorsiflexion as to diminish growth of the tendon. On plantar flexion the abnormally short 
tendon might in turn subject the muscle belly to increased tension, and this may be what 
leads to an increase in the growth rate of the muscle belly. On this hypothesis, muscle 
growth would in fact continue until in contracting by the percentage of its length necessary 
to cause dorsiflexion, the belly would also exert sufficient tension to stimulate tendon growth. 


SUMMARY 
1. In young rabbits the muscle belly of the tibialis anterior was marked at intervals, either 
on its surface with indian ink, or in its substance by wires. The intervals between ink marks 
were measured directly, and those between wires by radiography. After four toseven months the 
measurements were repeated and the amount and site of longitudinal growth determined. The 
experiments showed that it occurred fairly evenly throughout the length of the muscle belly. 
2. By transfer of the tibialis anterior in front of the crural ligament in young rabbits its 
course was reduced and the extent of contraction necessary to dorsiflex the foot was increased. 
The rabbits were killed when fully grown and the lengths of the tendons and muscle bellies 
of the tibialis anterior of the normal and experimental legs were compared. It was found that 


in every case the tendon of the experimental muscle was shortened and its belly lengthened 


in comparison with the normal. It is suggested that the increased length of the muscle belly 
was determined by the increased distance which it had to contract in order to dorsiflex the foot. 


The author is greatly indebted to Professor W. E. Le Gros Clark, F.R.S., who read this paper in manuscript. 
Dr G. S. Dawes kindly allowed the rabbits to be x-rayed by Mr M. S. Tuckey at the Nuffield Institute for 
Medical Research. Mr M. Baker provided technical assistance. 
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STRUCTURAL CHANGES IN THE LUMBAR INTERVERTEBRAL DISCS * 
Their Relationship to Low Back Pain and Sciatica 
Rk. I. HARRis and IAN MAcNAB, TORONTO, CANADA 


In recent years it has become increasingly clear that one of the common causes of low 
back pain is disc degeneration. Though this fact is acknowledged by most clinicians, little is 
known about the pathological changes that occur, and much has still to be learned about the 
manner in which these changes cause symptoms. 

some help in understanding these problems has been acquired by examining the 


intervertebral discs in 123 lumbar spines excised at routine necropsies. After a preliminary 


radiograph of the cadaver and of the excised spine, a careful dissection was carried out. 
The supraspinous and interspinous ligaments were inspected. The neural arches were then 
removed and the posterior joints and ligamenta flava were examined in detail. The 
intervertebral discs after examination in situ were divided first horizontally and then 
vertically. Pieces of the discs, ligaments and posterior joints were subjected to histological 
examination. By this method of investigation it has been possible to obtain information on 
the anatomical, physiological and pathological variations that occur. The relationship of 
these changes to the radiographic appearance of the spine has been studied in detail in order 
to correlate the necropsy findings with the clinical picture of the low back pain syndrome. 


ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS 


The vertebrae are united by three joints: the intervertebral disc anteriorly, and the two 
zygapophysial joints posteriorly. The posterior articulations are simple synovial joints and 
exhibit all the gross anatomical features of synovial joints elsewhere in the body. The anterior 
part of the capsule is in close relation to the nerve root as it escapes through the intervertebral 
foramen and indeed the nerve root is occasionally found bound to the capsule by adhesions. 
This intimate relationship of the posterior joints to the nerve roots is of great clinical 
significance. 

The detailed anatomy of the intervertebral disc and its attachment to the vertebral 
bodies is of importance in understanding the nature of the degenerative changes that 
subsequently occur. There are three main components intimately blended into a single 
functional unit: the hyaline cartilage plates, the nucleus pulposus and the annulus. 

The cartilage plates—On the cranial and caudal surfaces of the intervertebral discs are two 
plates of hyaline cartilage. These cartilage plates have three functions: they are the growth 
zone of the immature vertebral bodies (Fig. 1); they help to anchor the disc; and they act 
as a“ barrier "’ between the nucleus pulposus and the spongiosa of the vertebrae. Up to the 
age of eight, the cartilage is penetrated by blood vessels passing from the vertebral body 
into the annulus and nucleus pulposus (B6hmig 1929) (Fig. 2). When these vessels are 
obliterated they leave a striated scar which interrupts the lamella of calcified cartilage. 
These scars represent structurally weak areas which may break down under stress, giving 
rise to microscopic herniations of nuclear material into the vertebral bodies. Through these 
microscopic herniations blood vessels may enter the disc from the spongiosa and give rise 
to some of the structural changes characteristic of an ageing disc. Occasionally large amounts 


* Paper read by Dr Macnab at the combined meeting of the Orthopaedic Associations of the English-speaking 
World, in London, July 1952. 
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of nuclear material may escape through defects in the cartilage plates (Schmorl's nodes). 
This loss of nuclear substance interferes with the mechanics of the joint. 

The nucleus pulposus—The nucleus pulposus in the growing disc is a viscid gel. It has a high 
water content and is very hygroscopic (Macnab 1948). The function of the disc as a whole 
depends to a large extent on these physical properties. Histologically the nucleus pulposus 
consists of a loose network of fine fibrous strands irregularly arranged, in the meshes of which 
are a few cells of variable morphology. A striking feature is the large amount of intercellular 
substance. The function of the intercellular material is poorly understood, but it probably 
plays an important role in facilitating the nutrition of the disc. With increasing age the 
intercellular substance decreases and this may play a part in initiating the degenerative 
changes. 

The annulus fibrosus—There is no sharp dividing line between the nucleus and annulus. 
The annulus consists of lamellae of coarse collagen fibres running obliquely between the 


a > 
4, 
Fic. 2 
Figure 1—Microscopic section of vertebral cartilage plate in a newborn child showing the 
se 
columnar arrangement of the cartilage cells characteristic of a growing epiphysis. Figure 2— Fourth 
lumbar vertebra of a newborn infant showing many perforations of the cartilage plate for the 
passage of blood vessels. 


vertebral bodies. By careful dissection it can be shown that the direction of the tibres changes 


in the many layers that are present, and by so doing the fibres are better able to 
withstand the rotational stresses to which they are subjected. The attachment of the fibres of 
stream " in obliquely 


the annulus to the hyaline cartilage plate is of interest. The fibres 
and the direction of attachment can be followed deeply into the hyaline plate by the alignment 
of the cartilage cells (Fig. 3). The fibres of the annulus fibrosus fan out from their attachment 
to the cartilage plate and form into three groups. One group curves downwards to mect the 
fibres from below; one group passes outwards to blend with the longitudinal spinal ligaments; 
one group turns upwards and enters the vertebral body above the peripheral ring of bone. 
The peripheral bony ring fuses with the vertebral body at about the sixteenth year. When 
this occurs the annulus fibres are deeply imbedded into bone about three millimetres above 
the vertebral margins, this giving the disc a firm anchorage to the bone (Beadle 1931). 
When the spinal column is divided longitudinally the nucleus pulposus protrudes. The 
observation has given rise to the statement that the nucleus pulposus possesses turgor. It is 
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doubtful, however, if this turgor is an inherent property of the nucleus. When an intervertebral 
disc is divided horizontally the nucleus does not protrude. This suggests that the protrusion 
of the nucleus seen on vertical section may in part be due to the unopposed contraction of 


~ 


The histological appearance of the junction of the annulus to the hyaline cartilage 

Notice how the annulus fibres are intimately blended with the hyaline cartilage plate, 

and the direction of the fibres can be followed into the cartilage plate by the alignment 
of the cartilage cells. 


the remaining annulus fibres. This hypothesis has been tested experimentally. A spine was 
frozen and divided longitudinally. In the frozen state the nucleus does not protrude. Two 
adjacent vertebral bodies were transfixed in such a manner that no movement was possible 
between them. The spine was then allowed to thaw. Protrusion of the nucleus pulposus 
took place at every level except at the disc between the rigidly fixed vertebrae (Fig. 4). 
The “ turgor” of the nucleus pulposus is largely due to the elasticity of the fibres of the 
annulus fibrosus which compress it. 

One of the main functions of the annulus is to resist the displacement of the nucleus. 
The body weight compresses the nucleus pulposus and tends to reduce its vertical diameter 
and increase its horizontal diameter. This deformation is prevented by the annulus. In 
flexion of the spine the nucleus pulposus is displaced posteriorly and in extension it is 
displaced anteriorly. The annulus limits an excessive degree of such displacement. 
Experimental division of segments of annulus allows excessive movement in one direction, 
and removal of the nucleus through a small incision in the annulus permits an increased 
range of movement in all directions. These observations make it easier to understand the 
changes that are seen in association with disc degeneration. The annulus can be likened to a 
coiled spring, pulling the vertebral bodies and cartilage plates against the resilient resistance 
of the nucleus pulposus. The stability of the coupling unit depends on the integrity of all 
its components, damage to one of which will react adversely on the others. Loss of the nuclear 
substance by herniation into the vertebral body through a defect in the cartilage plate is 
equivalent to experimental extirpation of the nucleus and may result in excessive movements 


with consequent damage to the annulus, posterior joints and posterior ligaments. Desiccation 


of the nucleus can also give rise to abnormal movements and add to the damage sustained 
by the spine through a trivial injury. Similarly when the annulus fibres lose their elasticity 
they can no longer resist efficiently the deformation of the nucleus by the body weight or by 
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movement. If there is a uniform loss of elasticity throughout the annulus fibres or a decrease 
in volume of the nucleus the annulus protrudes around its circumference and the disc loses 
height. This will occur whenever the patient assumes an upright position. It is quite 


Fic. 4 
Two vertebral bodies have been fixed by Roger-Anderson pins passing through 
them in such a manner that no movement is possible between these vertebrae. 
Notice how the nucleus pulposus bulges at all other levels but does not bulge 
in the disc between the rigidly fixed vertebrae. 


conceivable that a local loss of elasticity, a localised area of hyalinisation or a localised area 
of fibrous tissue replacement resulting from injury could give rise to a localised herniation of 


the nucleus pulposus. 


DEGENERATIVE CHANGES IN THE INTERVERTEBRAL DISCS 


The intervertebral disc reaches its greatest development at the end of the second decade. 
From then onwards structural changes of a retrogressive or degenerative nature become 
increasingly evident (Figs. 5 and 6). The ageing process is a complex phenomenon (Coventry 
et al. 1945, Piischel 1930, Beadle 1931) but it may be summarised by saying that it consists 
of a gradual inspissation of the disc associated with increasing conversion of the ground 
substance into formed elements. Associated with this there are brown degeneration and 
hyalinisation of all the components, metaplasia of the annulus into fibrocartilage, and 
destruction of the hyaline cartilage plate with microscopic herniation of the nuclear 


substance into the vertebral spongiosa. 

Such variations can be properly regarded as the normal ageing process comparable with 
age changes seen elsewhere in the body. However, an intervertebral disc presenting the 
structural changes commonly found in the sixth decade could be described as a degenerate 
disc when found in a man of thirty. There is nothing specific about the pathological changes 

that distinguish them from the structural changes 


of so-called “disc degeneration 
associated with increasing age. To avoid confusion the term “ disc degeneration ”’ will be 


retained in this paper to denote those showing either prematurely or to an exaggerated 


degree the structural changes of ageing, upon which may be superimposed the effects of 


injury. 
When the structural changes of age occur prematurely during an active period of life, 
normal stresses and strains inflicted on the unstable segment may damage the disc severely. 
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The annulus may show tears running concentrically or more commonly radially. The radial 


tears may occur anywhere on the periphery, but they are most common posteriorly or 
postero-laterally (Figs. 7 and 8). Sometimes they are associated with an extrusion of nuclear 


Fic. 5 


\ horizontal section of a lumbar intervertebral disc taken from a man 

of twenty. The nucleus pulposus is very gelatinous and the fibres of 

the annulus fibrosus are ill defined. The nucleus blends into the fibres 
of the annulus. 


Fic. 6 
Horizontal section of a lumbar intervertebral disc taken from a man of 
thirty-five. This disc shows the characteristic inspissation of the nucleus, 
which is relatively smaller in size It also shows how the fibres of the 
annulus become increasingly prominent. These are the changes that are 
invariably found with increasing age. 


material. Although these tears occur in an avascular area they are frequently haemorrhagic. 
The extravasated blood is derived from a concomitant injury to the cartilage plate, opening 
into the spongiosa of the vertebral body. 


The posterior and postero-lateral tears are of clinical significance. In the region of such 
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tears displacement of the nucleus is resisted solely by the weak posterior ligament. In the 
age group in which these tears are most frequently found, the nucleus has lost its gelatinous 
character and spontaneous extrusion is unlikely. However, even when the nucleus has become 


Fic. 7 
Horizontal section of a lumbar intervertebral disc showing a posterior tear of the annulus 


Fic. 8 
Horizontal section of a lumbar intervertebral disc showing an antero-lateral tear of the 
annulus. Note the small size of the nucleus and the dark discoloration that has 
developed in it. 


inspissated and contains many formed elements in its substance it is still displaced on flexion 
and extension of the spine. It is conceivable that a sudden unguarded flexion could give rise 
to extrusion ef such a nucleus unprotected posteriorly. 


Deposits of calcium are occasionally found in prematurely aged discs. Such deposits 
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are seen both in the annulus and in the nucleus and they may be either amorphous or 
granular (Fig. 9). 

The nucleus of a degenerate disc commonly shows a brownish discoloration derived 
from blood pigments deposited as a result of minute haemorrhages from vessels that have 


grown through defects in the cartilage plate (Figs. 7 and 8). Severe injury to a degenerate 


disc may result in massive haemorrhage into the nucleus (Fig. 10). With constant and 


Fic. 9 
Horizontal section of the first lumbar intervertebral  dis« 
showing a deposit of amorphous calcium in the nucleus pulposus. 


Fic. 10 
Horizontal section of the second lumbar intervertebral disc 
showing a massive haemorrhage into the nucleus pulposus. 


repeated injury fragmentation of the disc may occur (Fig. 11). The annulus fibres are shredded 


and the nucleus is barely recognisable, being represented by a few loose shreds of brownish 


tissue surrounding several cavities at the bottom of which can be seen the pitted cartilage plate. 


THE EFFECTS OF DISC DEGENERATION ON SURROUNDING STRUCTURES 
The vertebral bodies — A commonly observed radiological manifestation of disc degeneration 
is lipping or osteophyte formation of the vertebral bodies, Although our investigations lead 
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us to suppose that osteophytic lipping is related to disc degeneration in most instances, the 
clinical significance of vertebral lipping is not at all clear. This problem is the subject of an 
investigation being conducted at present. It seems probable that the importance of osteophytes 
lies chiefly in the fact that they denote not only the presence of disc degeneration but also 
the type of disc degeneration that has taken place and its effect on the stability of the 
involved segment. 

The posterior joints— Degenerative changes in the intervertebral discs are generally 
associated with severe damage to the posterior joints. This relationship is partly coincidental ; 
that is to say, senile changes will occur concomitantly both in the disc and the posterior 
joints. However, when severe structural changes are found in the disc of a young person, 


they are associated with correspondingly severe damage to the zygapophysial joints. The 


altered mechanics occasioned by derangement of one component of a spinal joint give rise 
to damage and degenerative changes in the other component. 


Horizontal section of the lumbo-sacral disc showing marked 
disintegration. The annulus fibres are fragmented and there 
are many clefts in the substance of the nucleus pulposus. 


In flexion and extension the nucleus pulposus acts as a ball-bearing; the vertebral 
bodies roll over this incompressible gel and the posterior joints guide and steady the movement. 
Once disc degeneration has occurred, the movement taking place between adjacent spinal 
segments becomes uneven, excessive and irregular. 

It has been found by experiment that the axis of flexion and extension alters with every 
change in the arc of movement. In full extension the axis passes through the disc immediately 
behind the nucleus; in full flexion it passes immediately in front of the nucleus. The change 
of position is progressive throughout the movement and is compatible with the hypothesis 
that the vertebral bodies rock over the nucleus pulposus. In the presence of disc degeneration 
the behaviour of the axis is most irregular and unpredictable. The variability of the position 
of the axis is indicative of the irregular type of movement that is occurring. Occasionally 
the irregularity is so pronounced that it permits an antero-posterior shift of the vertebral 
bodies on flexion (Figs. 12 and 13) but more commonly it gives rise to a rocking or tilting of 
the cranial vertebral body. Sometimes with disc degeneration the axis of movement passes 
through the posterior joints and remains constant in position; when it does so, flexion and 
extension are associated with rocking of the posterior joints, giving rise to very severe damage 
(Figs. 14 and 15). It is partly the repeated trauma occasioned by these irregular movements 
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that initiates the degenerative changes which are seen in the posterior joints (Macnab 1950). 


The instability associated with some of these structural changes in the disc predisposes to 
fractures of the articular facets. The frequency with which such fractures are found suggests 


Fic. 12 Fic. 13 
Figure 12——Spondylolisthesis of L.3 on L.4. The radiograph has been taken with the patient holding the 
spine in extension. Figure 13——On flexion of the spine the body of L.3 moves forward on that of L.4. 


Fic. 14 Fic. 15 
Radiographs of the spine taken in full extension (Fig. 14) and full flexion (Fig. 15). Note how the posterior 
facet rocks open when the spine is flexed (patient of Dr H. M. Coleman). 


that they may well be sustained as the result of trivial violence. Small chip fractures of the 
dorsal lip are not uncommon, and occasionally fissure fractures running right across an 
articular facet can be found (Figs. 16 and 17). 

Disc degeneration can further damage the posterior joints by inducing subluxation. As 
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the intervertebral discs lose height the posterior joints tend to override. The capsule stretches 
and eventually the tip of the inferior articular facet impinges on the subjacent lamina. This 
evokes a bony reaction and a bony ridge which can be seen on the radiograph forms on the 


Fic. 16 Fic. 17 
Figure 16—The inferior articular facet from a fourth lumbar vertebra showing a chip fracture of the 
dorsal lip. In one view the osteochondral fracture has been displaced to show more clearly the extent 
of the lesion. Figure 17—<An inferior articular facet from a third lumbar vertebra showing a fissure 
fracture running right across the inferior pole of the facet. 


Fic. 18 Fic. 19 
Figure 18— Posterior view of a lumbar vertebra showing a ridge of bone that has formed on the pars 
interarticularis, immediately below the superior articular facet of the fourth lumbar vertebra. This ridge 
of bone is formed at the site where the subluxated inferior articular facet impinges on the subjacent lamina 
Figure 19—The lamina of the fourth lumbar vertebra. On the right there is a ridge of bone on the pars 
interarticularis, where the inferior articular facet of L.3 has pressed against the lamina; immediately lateral 
to this there is a hole where the superior articular facet of L.5 was impinging against the under-surface of 
the lamina. This type of change is seen with severe subluxation of the posterior joints. 


pars interarticularis (Fig. 18). In extreme cases a hole may be worn right through the lamina 
at this point. (Fig. 19) 

The earliest evidence of degenerative changes in the zygapophysial joints, whether 
associated with disc degeneration or not, is fibrillation of the surface of the articular cartilage. 
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When viewed obliquely in a good light, faint lines can be detected running across the normally 
smooth, pearly white surface. Later this streaking is exaggerated and the surface assumes a 
fine velvety appearance. This fibrillation of the cartilage increases and the surface becomes 


Fic. 20 
Zygapophysial joints opened out to show articular surfaces. The 
superior articular facet (on the right) shows an osteochondral fracture of 
considerable size 


Fic. 21 
\ posterior joint showing a loose body connected to the synovial 
membrane by a pedicle. The inferior articular facet of the vertebra 
above is shown below. The loose body was lying between the articular 
surfaces 


uneven and granular. At this stage it is common to find a “ matting” of fibrous tissue 


covering portions of the articular cartilage. The cartilage becomes frayed, pieces flake off, 


leaving pits and occasionally osteochondral fractures of considerable size (Fig. 20). As in 
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other joints, these fragments of cartilage may form 
loose bodies which may lie entirely free in the joint 


+ sup. artic. 
or may become secondarily attached to the synovial « facet L.4. 
. 


membrane (Fig. 21). 
These areas of cartilaginous erosion may give 
rise to the formation of intra-articular adhesions 
which vary from single filmy strands to a dense 
mat which precludes all movement (Fig. 22). 
Concomitant with the ulceration, the cartilage 
becomes heaped up around the edge of the joint 
giving rise to a corona—the precursor of the 
osteophytic outgrowths that are seen later. In 
the final stages of degeneration large areas of the 
articular surface are completely denuded of 
cartilage with exposure and condensation of the 
underlying bone. 
Changes in the capsule accompany changes in 
the articular surfaces. The dorsal capsule thickens 
and frequently develops areas of cartilage within 
its substance. These vary in size from barely 
visible nodules to large masses protruding like Fic. 22 
Dense adhesions in a posterior joint rhe 
specimen was photographed from behind and 


cartilaginous masses may be transformed into the lips of the posterior joint have been 
opened as far as possible showing a dens« 


beads behind and below the joint. These 


bone and this change is visible on the radiograph cl 
(Fig. surface to the other 

There is nothing specific about the histological 
changes; they are similar to those seen in other synovial joints and follow the changes seen 
in the gross specimens. The first change is a tangential flaking of the surface cartilage. 


Fic. 23 
Radiograph showing calcification in the capsule of a posterior joint 
\ crescent-shaped calcified plaque can be seen lying behind the 
posterior joint. 


The surface layers are lost and the vertical collagen fibrils running through the matrix 
become more prominent. The articular cartilage fissures through these lines and is seen 
under the microscope as long frond-like processes (Fig. 24). The chondrocytes lving in the 
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deeper layers become swollen, balloon-like, deeply staining vacuolated cells, lying in nests 
of six to twelve. Together with these changes a layer of fibrous tissue is occasionally seen 
on the surface of the cartilage which probably arises from metaplasia of the surface cells. 

After this, the cartilage progressively loses depth by a process of attrition till bare bone 


is exposed (Fig. 25). Subchondral osteosclerosis, though common, is not invariably seen. 


< 


;. 24 
Microscopic section of articular cartilage from a posterior joint 
showing early changes of degenerative arthritis. The collagen 
fibrils in the articular cartilage have become very prominent and 
vertical fissuring is occurring along the lines formed by these fibrils 


Fic. 25 
Microscopic section showing the articular cartilage of a posterior 
joint with obvious degenerative arthritis. Most of the articular 
cartilage has been worn away. A few isolated fronds of cartilage 
cut in cross-section can be seen in upper part of the field. The 
bone underlying the cartilage shows marked condensation and 
most of the lacunae are empty 


Myelotibrosis and deposits of degenerate cartilage cells in the subchondral bone, however, 


are both frequently observed. 

Disc degeneration, then, leads to severe changes in the posterior joints, and these joint 
lesions can, and do, give rise to symptoms. 
The posterior vertebral ligaments — The posterior longitudinal ligament, the ligamentum 
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flavum, the interspinous and supraspinous ligaments all undergo degenerative changes which 
deserve a study in themselves. It is not the purpose of the writers to describe these in detail 
but merely to indicate briefly how degenerative changes in the discs might affect these 
structures, 

The posterior ligaments act as checks to the movement of flexion. The abnormal 
movements allowed by disc degeneration add to the stresses and strains sustained by these 
ligaments. Because of the excessive amount of flexion permitted with a degenerated 
intervertebral disc, an unguarded or forced movement in this direction may severely strain 
or even rupture the supraspinous ligament. Scars of healed tears have been found in necropsy 
material and such lesions can also be recognised clinically (Newman 1952). 


THE RELATION OF DISC DEGENERATION TO SYMPTOMS 
Symptoms associated with disc degeneration may arise from the damaged disc itself. 
It has been shown (Hirsch 1948, Lindblom 1950) that the injection of saline into a degenerate 
disc can reproduce the symptoms complained of by the patient, and moreover at the time of 
laminectomy performed under local anaesthesia pressure on the disc gives rise to pain. 
The disc may be the source of 
symptoms in those cases in which the 
annulus can no longer resist the deforming 
action of the body weight on the nucleus. 
When these patients assume the erect 
position the annulus bulges out around 
its circumference and protrudes beyond 
the vertebral bodies. A characteristic 
feature of the history is that the symptoms 
are aggravated by increase in the vertical 
weight loading of the spine—as for example 
when the elevator in which the patient 
is standing stops suddenly; conversely, 
immediate relief is gained the 
compression forces on the spine are 
reduced — for instance by hanging by the 
hands from the top of a door or by lying 
down. 
Though the disc itself may be the 
source of pain, disc degeneration more 
commonly produces symptoms by virtue 
of its secondary effects on the surrounding 
spinal structures — the paraspinal muscles, 
the spinal ligaments, the posterior joints 
and the nerve roots. 
As has been noted, subluxation of the 


posterior joints is a common concomitant Degenerative changes in the posterior joints associated 
with structural changes in the related intervertebral 
of disc degeneration. Every stage of discs. The upper specimen shows early fibrillation of the 


degenerative arthritis, from fibrillation of | articular cartilage and the lower specimen shows gross 
; disorganisation of a posterior joint. 


the articular cartilage to complete dis- 
organisation of the posterior joints, has been seen in association with degenerative changes 
in the disc (Fig. 26). Moreover the instability of the spine predisposes to fractures of the 
articular facets (Figs. 16 and 17). 

If similar changes were found in any other articulation in the body it would not be 
surprising if the patient complained of pain on use of the joint. A sudden twist or strain 
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might give rise to an effusion, and it is not unreasonable to suppose that the locking of a loose 
body in an arthritic posterior joint could give rise to a sudden severe pain with locking of 
the back: the classical picture of lumbago. 

Lesions of the posterior spinal ligaments and the posterior joints of the lumbo-sacral 
region can give rise to pain in the back, with referred pain in the distribution of the sciatic 
nerve. This can be shown experimentally (Kellgren 1939, Inman and Saunders 1944). Actual 
nerve root compression can also be produced by subluxation of the posterior joints with 
overriding of the articular facets. As the intervertebral discs lose height, the vertebral bodies 
approach one another. Owing to the common inclination of the posterior joints, the upper 
vertebral body moves not only downwards but also backwards, producing a retrospondylo- 
listhesis. This displacement has several attendant dangers. The nerve root is displaced 
cranially into a very small space and comes to lie in close relationship to the capsule of the 
zygapophysial joint (Fig. 27). With further subluxation the related superior articular 


nerve rt. root 


Fic. 27 Fic. 2 
Figure 27—Retrospondylolisthesis of L.5 on S.1. Notice how the nerve root has been displaced 
cranially and lies in close relationship to the capsule of the posterior joint. Figure 28——Subluxation 
of the posterior joint between L.4 and L.5. The superior articular facet of L.5 is impinging against 
and is compressing the nerve root in the foramen. Note that the affected nerve root is much 
smaller than the nerve root in the foramen below. 


facet impinges against the nerve root (Fig. 28). The severity of the root involvement will 
be increased if at the same time there is the generalised bulging of the disc that occurs with 
uniform loss of elasticity in the annulus fibres. In such instances the horizontal diameters of 
the disc increase and it protrudes beyond the vertebral borders around its circumference 
(* the squashed ” disc) (Fig. 29). Posteriorly the disc occupies all the space anterior to the 
superior articular facets and, by so doing, displaces the nerve root cranially. As the root 
escapes through the intervertebral foramen it is kinked by the lateral bulge of the disc and 
it may be buried in a deep furrow, indicating that it must have been under considerable 
tension (Fig. 30). 

Probably the most common manner in which disc degeneration can cause root compression 
is by extrusion of the nucleus pulposus. In the 123 spines examined only four small herniations 
of nuclear material were seen; two of these were of the lumbo-sacral disc, one of the fourth 
lumbar disc and one of the disc between the ninth and tenth thoracic segments. The pathology 
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and the clinical aspects of the condition have been well covered in the medical literature, 
and the writers propose only to mention one feature of the pathology of the process that has 


an important bearing on treatment. Extrusion of the nucleus pulposus seldom occurs in 


normal discs. It is therefore commonly associated with damage to the posterior joints, 


which damage is likely to be further increased both by the operative trauma of laminectomy 


and the interference in the mechanics of the joint occasioned by the removal of the nuclear 
material. If the high post-operative incidence of back pain is to be reduced, steps must be 


taken to ensure that the damaged segment of the spine is stabilised either by adequate 


curettage of the disc space or by spinal fusion. 


Arrow indicates 
grossly norrowed 
intervertebral 


Nerve root shown 
buried in groove 
in bulging disc 


Fic. 29 Fic. 30 

Figure 29—A squashed lumbo-sacral disc protrudes beyond the vertebral borders both 
anteriorly and posteriorly. Anteriorly the protrusion has stripped up the periosteum from the 
front of the sacrum and from the front of the fifth lumbar vertebra, forming a subperiosteal spur. 
The original cortex can be seen lying deep to this spur. The pale areas in the bone immediatel\ 
adjacent to the disc represent areas of bone sclerosis. The intervertebral disc itself is represented 
only by the thin white line on the photograph. Figure 30—Diagram to show the changes 
associated with a ‘‘ squashed " disc. The disc bulges out beyond the vertebral borders around 
the circumference of the vertebrae. It fills up all the space anterior to the superior articular 
facet, leaving a very small foramen out of which the nerve may escape. The nerve itself may be 
buried in a deep groove in the bulging disc. 


THE RADIOLOGICAL DIAGNOSIS OF DISC DEGENERATION 


The radiological picture of the later stages of disc degeneration is easily recognised. 
] 


There are a narrowed intervertebral disc space, sclerosis of the adjacent vertebral margins and 


osteophytic lipping. The early changes require more careful study. 


Evidence of degeneration early in the process can be obtained if the spine is radiographed 


in full flexion and full extension. Excessive flexion is permitted at the damaged segment 


and a certain amount of antero-posterior shift occurs on flexion and extension (Figs. 31 and 32). 


These changes are evident before there is significant narrowing of the intervertebral disc 


(KKnutsson 1944). The instability of the spine revealed in this way indicates that the posterior 


joints are being subjected to great trauma and that the posterior ligaments stand in danger 


of strain or tear. If the flexion film shows marked separation of the spinous processes the 


supraspinous ligament may have been torn (Fig. 33). 
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Fic. 31 Fic. 32 
Figure 31—Excised spine held in full extension. Notice that the intervertebral disc between L.4 and L.5 
does not appear to be unduly narrowed. Figure 32—-Same spine held in full flexion. An excessive degree 
of flexion takes place at L.4 to L.5. The anterior part of the disc is narrower than the posterior part—an 
and in addition a slight antero-posterior shift has occurred during flexion. This is probably 


unusual finding— 
one of the earliest signs of disc degeneration. 


33 Fic. 34 

Figure 33—Spine radiograph in forced flexion. Notice the marked separation between the third and 
fourth lumbar spinous processes. There was a tear of the supraspinous ligament. Figure 34— Lateral 
view of the lumbo-sacral joint. A line drawn along the lower surface of the vertebral body normally 
cuts just through the tip of the superior articular facet of the vertebra below. In this radiograph the 
line cuts through the superior articular facet of the first sacral segment at a much lower level. Overriding 
\ssociated with this overriding there is retrospond ylolisthesis 


of the posterior facets has taken place 
of the fifth lumbar vertebra on the sacrum. 
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If lordosis of the spine is superimposed on disc degeneration, subluxation of the posterior 
facets may occur before there is any marked radiological evidence of narrowing of the 
intervertebral discs. Changes in the posterior facets are difficult to detect but there are a 
few radiological signs which, taken in conjunction with each other, are of assistance. In the 
lateral view of the spine the tip of the superior articular facet does not normally extend 
more than a few millimetres beyond the postero-inferior border of the vertebral body above. 
In extreme subluxation, the tip of the facet abuts against the pedicle of the vertebra above, 
and intermediate degrees of overriding may be recognised (Fig. 34). This is of particular 
value when differentiating congenital from acquired narrowing of the lumbo-sacral disc; 
acquired narrowing of this disc is always associated with some degree of subluxation. 
Retrospondylolisthesis and pseudospondylolisthesis in association with disc degeneration can 
be seen in the lateral projection. They indicate both damage to the posterior joints because 


Fic. 35 Fic. 36 
Figure 35— An antero-posterior radiograph of the lumbar spine showing subluxation of the posterior joints 
between L.4 and L.5. This is easily seen on the right. Note how this subluxation interrupts the continuity 
of a line drawn from the under-surface of the transverse process of L.4 over the posterior joints to the upper 
surface of the transverse process of L.5. Note also the line of sclerosis on the lamina of the fifth lumbar 
vertebra at the site of impingement of the tip of the inferior articular facet of L.4. Figure 36——Oblique 
radiograph of the lumbar spine showing subluxation of the zygapophysial joint between L.4 and L.5 
The inferior articular facet of L.4 has impinged against the lamina of L.5 where a sclerosed ridge of bone 
can be seen. 


of the overriding which has taken place, and also the possibility of nerve root compression 
within the intervertebral foramen. With the slightest degree of rotation of the patient or with 
poor centering of the film, these findings cease to have anv significance. 

In the antero-posterior view of the spine the smooth line described by the laminae, 
facets and transverse processes is interrupted by even minor degrees of subluxation (Hadley 
1951). With more severe degrees of the change it can be seen that the tips of the dislocating 
facets become squared off and later the site of the impingement on the adjacent laminae can 
be recognised (Fig. 35). 

The oblique projections of the lumbar spine are very useful. Malalignment of the 
articular surface can be seen and impingement of subluxated facets on the adjacent laminae 
is readily detectable (Fig. 36). With long-standing disc degeneration, arthritic changes in 
these joints may be recognised both in the antero-posterior and oblique projections. 
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CONCLUSION 
One of the interesting aspects of spinal pathology having an important bearing on the 


treatment of backache is that the spine acts as an integrated whole and that damage sustained 
by one part frequently injures other structures in the spinal column. Thus disc degeneration 
may be associated with an extrusion of nuclear material; it may initiate degenerative changes 
in the posterior joints; it may predispose to tears of the posterior spinal ligaments; or it may 
give rise eventually to all of these lesions, any one of which may produce backache with or 
without sciatica. The sciatica may be referred pain or may be produced by nerve root pressure. 
Nerve root pressure in such instances is commonly due to an extrusion of nuclear material, 
but it may also be due to pressure on the nerve root within the foramen by a ‘ squashed ” 
dise or by a subluxated posterior joint. 

Radiographs are of great value in the diagnosis of disc degeneration and they are of 
greater value in the assessment of the secondary effects that have taken place. With the use 
of bending films evidence of early degenerative changes may be obtained, tears of the 
supraspinous ligament can be detected, and abnormal movements of the posterior joints 
can be seen. Careful study of the antero-posterior and lateral projections will reveal 
evidence of subluxation of the posterior joints, chip fractures and degenerative arthritis 
in the zygapophysial articulations, and will clearly demonstrate overriding of the facets. 

The investigation of subjective phenomena, such as backache, is fraught with many 
difficulties and it must be preceded by an investigation of the anatomy of the part and the 
anatomical variations, the normal and abnormal physiology and the pathological lesions that 
occur. Many of these changes of course may have no clinical significance, but it is only when 
armed with the knowledge of what may occur that we can tackle the problem of low back 
pain on a logical basis. 
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HISTORICAL SURGICAL INSTRUMENTS IN THE MUSEUM OF THE 
ROYAL COLLEGE OF SURGEONS OF ENGLAND (5) 


W. E. THompson, LONDON, ENGLAND 
Clerk of the Museum, Royal College of Surgeons of England 
In this contribution a selection of instruments has been taken from Section “ G,”’ which 
comprises instruments for operations on the genito-urinary system in the male. This section 


is the largest in the whole collection of surgical instruments and contains nearly 400 exhibits. 
There are numerous examples of catheters, staffs, gorgets, lithotomy forceps, lithotrites and 


other instruments employed in operations on the genito-urinary system. 

A flexible spiral catheter made of silver (Fig. 37) is a very old type of metallic catheter 
ascribed by M.G. Purmannus in Chirurgia Curiosa (1706), where it is described and illustrated, 
to Dr Solingen, ‘ Practitioner in Physick and Chirurgery at The Hague.” Another flexible 
catheter, made of pewter, is preserved in a wooden case (Fig. 37). The donor, Sir George 


Fic. 37 
Top to Bottom—Flexible spiral silver catheter (eighteenth century); spiral pewter catheter in 
wooden case (eighteenth century); two Smyth’s flexible metallic catheters (early nineteenth 
century); Winchester telescopic catheter. 


Buckston Browne, when presenting it stated: “ I have every reason to believe that it belonged 
to my great-great-grandfather Dr Theophilus Browne (1715-1786), who practised in Derby.”’ 
Figure 37 also illustrates two “ flexible metallic catheters invented by the donor Mr W. Smyth, 
Apothecary, Tavistock Street, Covent Garden.”’ Smyth published an account of his invention 
entitled Brief Essay on the Advantages of flexible Metallic Bougies (1804) and presented a copy 
with the instruments. Samuel Cooper described them in his Dictionary of Practical Surgery 
(1818) under the article ‘ Bougie,”’ where he stated: ‘‘ They are either solid or hollow, and 
are said to answer extremely well as catheters."” The two illustrated were received on 
September 29, 1804, and are therefore among the earliest instruments presented to the Museum. 
A telescopic catheter (Fig. 37) designed by W. H. B. Winchester, contains four sizes in one, 
and is intended to avoid the introduction of separate instruments. Mr Winchester, best 
known as the inventor of splints (see first of this series of articles*), did not explain how this 
catheter was to be used. 


* THompson, W. E. (1953): Historical Surgical Instruments in the Museum of the Royal College of Surgeons 
of England. Journal of Bone and Joint Surgery, 35—B, 298. 
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A bundle of bougies once the property of John Abernethy and used by him in his practice 
is seen in Figure 38. Abernethy left these instruments to his son-in-law, Sir George Burrows, 
who in turn bequeathed them to his son-in-law, Alfred Willett, the donor. 


Fic. 38 


Bougies used by John Abernethy; Luke’s metal searchers for stricture. 
A set of five metal searchers for stricture (Fig. 38) are examples of an early form of the 
bulbous exploring instrument used in the diagnosis of stricture. They were used and presented 
by James Luke, F.R.C.S., F.R.S. (1799-1881), of the London Hospital. 


Fic. 39 
Left—Sir Astley Cooper's lithotomy case; Right— Joseph Swan’s lithotomy case. 
There are three cases of lithotomy instruments which have associations of special interest. 
The first belonged to Sir Astley Cooper (Fig. 39) and bears his name inscribed on a silver 


plate on the lid. It came into the possession of Astley Cooper’s nephew by marriage, 
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Mr Edward Cock, surgeon to Guy’s Hospital, who presented it to the Museum in 1872. It 


contains four sounds, a curved staff, three lithotomy knives, six forceps, a double scoop, 


three Cline’s gorgets, and three serge bandages to secure the patient. The second case (Fig. 39) 
was formerly the property of Joseph Swan (1791-1874) and was presented, according to a 
silver plate on the lid, to “Mr Joseph Swan by Mr Astley Cooper and Mr Henry Cline, 
as a mark of appreciation of services rendered in assisting their students in the dissecting- 
room,”’ about 1812. The instruments are similar to those in the previously mentioned case. 
Joseph Swan presented this case to the Museum in 1871, three years before his death. 
The third case (Fig. 40), covered with sharkskin and lined with green plush, belonged to 
Joseph Bellot, R.N., surgeon to H.M.S. Pegasus in 1790. He was also surgeon to the Corps of 
Volunteers, Stockport, commissioned by King George III in June 1795. It contains an 
incomplete set of instruments consisting of a nest of four gorgets, three forceps and a double- 
ended scoop. It was presented to the Museum by Joseph Bellot’s nephew, W. H. Bellot, 
F.R.C.S. (1811-1895). 

Two instruments designed for the detection of calculi are Leftwich’s sound with tube 
and ear-piece, and a sounding board (Fig. 41). The former instrument consists of an india 
rubber tube, one end of which is stretched over the handle of a sound and the other connected 
to an ear-piece. Dr Ralph Leftwich, who presented the instrument, described his invention 
in the Lancet of 1876 as an “ 
by Edward Cock in 1872; it was probably his own invention, and was described by him as a 


auscultatory sound.” The sounding board (Fig. 41) was presented 


‘sounding board to be placed on the top of the sound in searching for stone.” 

A lithotomy staff with combination knife and gorget, designed by Hugh Owen Thomas, 
is seen in Figure 42. It was fully described by the inventor in an article entitled ““ A New 
Lithotomy Operation ”’ in the Provincial Medical Journal (1888). It was presented by Sir 
Robert Jones in 1918. 

Sir William Fergusson’s lithotomy knife, used by him in hospital practice, is also seen in 
Figure 42. On the handle is engraved Fergusson’s crest, a hand with a dart, and the letter“ F”’ 
and the date 1850. At the extremity of the handle notches are cut on the ivory, nine on one 
side and eleven on the other. Fergusson cut a notch every time he used it. A case containing 
two of Fergusson’s knives (Fig. 42) was given by him to Albert Carless, F.R.C.S. (1863-1936). 
Mr Carless gave it to Sir Cecil Wakeley, P.R.C.S., who in turn presented it to the Museum 
in 1927. This case has therefore passed through the hands of three successive generations of 
surgeons connected with King’s College Hospital. One knife has twenty-seven notches 
indicating the number of lithotomies performed with it, and the other five. 

Paré’s dilator seen in Figure 43 was illustrated in his Oeuvres completes (1840). It was a 
prominent feature in the performance of the barbarous Marian operation or “ lithotomy by 
the apparatus major.’’ Other instruments used in this operation were the two conductors, 
male and female, both shown in Figure 43. These conductors were figured by Heister in 
A General System of Surgery (1753). 

A typical example of Cheselden’s gorget, small size, is seen in Figure 44. It closely 
resembles the instrument illustrated in An Appendix to the History of the Lateral Operation 
for Stone, containing Mr Cheselden’s Present Method of Performing it, by Dr James Douglas 
(1731). The handle is stamped with the letter ‘“‘ C ’’ surmounted by a crown, ‘‘ The Mark of 
that excellent Workman, Mr Cooke in Lombard Street.’” This gorget was preserved in a case 
with several others now in the Lister Collection, and was probably given or bequeathed to 
Syme by an older surgeon, Syme leaving the set to Lord Lister. Figure 44 illustrates two 
further examples of Cheselden’s gorgets, full size. On each the trade-mark is an arrow pointing 
to a letter “ B,” which suggests that they were made by a different maker, but, as there is no 
maker's name on any of the three gorgets, they were made before 1780. The two full-size 
gorgets were once the property of Lord Lister and were found in a box of instruments dating, 
according to a note, between 1760 and 1780. Sir Rickman Godlee presented them to the 
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Fic. 40 Fic. 41 
Figure 40—Joseph Bellot’s lithotomy case (late eighteenth century). Figure 41. Left 
Leftwich’s sound with tube and ear-piece. Hight—Sounding board for detection of calcul. 


Fic. 42 Fic. 43 
tigure 42—H. O. Thomas's staff with combination knife and gorget. Top right—Sir William 
*ergusson’s lithotomy knife. Bottom right—Case of two lithotomy knives used by Sir William 
‘ergusson. Figure 43. Left—Paré’s dilator (sixteenth century). /ight—Heister’s conductors, 
male and female (early eighteenth century). 
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Museum in 1912, but they did not form part of the Lister Collection of surgical instruments 
presented by Lister’s executors. 

Cline’s gorget (Fig. 44) is described in Sir Astley Cooper’s Lectures on the Principles and 
Practice of Surgery (1825). “‘ Mr Cline made the greatest improvement upon the cutting 


Fic. 44 Fic. 45 
Figure 44 (from top to bottom)—Cheselden’s gorget, small size; two Cheselden’s gorgets, full size; Cline’s 
gorget; Bromfeild’s double gorgeret (eighteenth century). Figure 45—Stone crushing forceps, made for a 
special case. 
gorget, in having the left side entirely removed, leaving only the beak and its right blade, 
which has a sharp anterior edge .. ."”. Henry Cline (1750-1827) left no medical or surgical 
writings. An early mention of his gorget without description is in a manuscript copy, preserved 
in the College Library, of The Substance of Seven Lectures on the Operations of Surgery, etc., by 
Mr H. Cline, 1785. This example was presented by Robert Liston. 

William Bromfeild’s double gorgeret (Fig. 44) is described and figured in his Chirurgical 
Observations and Cases (1773). In this instrument the two ‘ 
in use, the upper with the cutting edge, the lower blunt. 

The massive instrument for crushing stone seen in Figure 45 was made for a special case. 
A note by Sir William Flower, Conservator of the Museum, in the manuscript catalogue says: 


‘ gorgerets ’’ are united as when 


‘A powerful forceps made specially (for Sir Benjamin Brodie) for crushing a large stone 
during the operation for lithotomy; it proved unnecessary, as the stone being smaller, was 
removed entire.” 

The Collection possesses four examples of four-bladed lithotomy forceps, a very ingenious 
instrument. Two are nine inches in length, one nine and a half inches, and the fourth eleven 
inches. The four blades can be opened or closed, and fixed by the screw nuts, to a degree 
corresponding to the size of the calculus. All four instruments are cf similar design, and only 
one is illustrated in Figure 46. They were entered in the manuscript catalogue as ‘“‘ Mr Key's 
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instruments, donation by Sir Charles Blicke, Jan. 
22nd, 1811." This entry appears to be the only 
evidence that Charles Aston Key (1793-1849) may 
have been the designer; he was only eighteen years 
of age when they were presented to the Museum. 
These forceps seem to be a development of 
Bromfeild’s figured in his Chirurgical Observations 
and Cases (1773). 

An example of Heurteloup’s percussor lithotrite 
is seen in Figure 47. “ A lithotrite used by Baron 
Heurteloup and given by him to Mr Mathias Rowe 
who presented it to the donor.’ The donor, John 
Birkett, gave this instrument to the Museum in 
1873. Mr Mathias Rowe qualified M.R.C.S. in 1810 
and, living to a great age, was in active practice 
during the development of lithotrity. Another 
example of this lithotrite (Fig. 47) is one of the 
-original models brought from France by Sir William 


Fergusson. In Baron Heurteloup’s Mémoires sur 
la lithotripsie par percussion (1833) he described 
how he operated with this instrument, not only in 


= London, but at hospitals in Greenwich, Derby and 
‘IG. > 


Four-bladed lithotomy forceps Nottingham. In 1834 he was in practice in Holles 


Street, Cavendish Square, London (Lancet 1834,). 

The first rack and pinion lithotrite made is also seen in Figure 47. It was used by Robert 
Liston and Sir William Fergusson and is constructed to allow of percussion if preferred. 
It is described and illustrated in Sir William Fergusson’s article ‘On Lithotrity, with a 
Description of the Instrument Used,” published in the Edinburgh Medical and Surgical 


Fic. 47 
Top—Heurteloup’s percussor lithotrite. | Centre—Another example of Heurteloup’s 
lithotrite. Bottom—The first example made of Sir William Fergusson’s rack and 


percussion lithotrite 


Journal (1835). Liston wrote to Fergusson from Edinburgh on February 6, 1834: “ I have 
made trial of the percuteur, modified as you described; and although I do not think lithotrity 
very generally applicable, I have no hesitation in saying that after having used on the living 
body nearly all the instruments which have been invented and recommended for breaking 
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Fic. 48 
Top to bottom—Original model of screw lithotrite; part of rack and pinion lithotrite and 
wooden model of rack and pinion of lithotrite, both made by Sir William Fergusson 
early improvement of Fergusson’s rack and pinion lithotrite; a later model 


Case containing set of Civiale’s drilling instruments (1830). 
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down calculi in the bladder, the instrument in question appears both safer and more efficient 
than any I have yet seen ”’ (Lancet 1834). 

An interesting series is a number of instruments designed and presented by Sir William 
Fergusson to illustrate the development of the lithotrite. In Figure 48 is seen the original 


Fic. 50 


Civiale’s drilling instrument ready for use 


model of a screw lithotrite, ‘* the inner to be drawn against the outer blade.’’ The illustration 
in the centre is a “ model in wood of rack and pinion of lithotrite:- made by the donor,” 
and Figure 48 also shows “ portions of a rack and pinion lithotrite made by the donor.” 
The other illustrations in Figure 48 are of an early improvement on the inventor's original 
model (next to bottom), and a still later model (bottom). 


Fic. 51 


Joseph Clover’s evacuating catheters, original pattern, and aspirator or evacuating bulb. 


In Figure 49 is seen a very fine set of Civiale’s drilling instruments, made in Paris about 
1830. The ivory handle of the bow is stamped “ W. L. Carter's Surgical Instrument Maker. 
Rue de l'Odeon, Paris.” In Figure 50 a similar instrument, made by “ Charriere & Paris,’”’ is 
displayed mounted and ready for use, except for the bow-drill. In Civiale’s Lettres sur la 
lithotrite (1827) it is shown in use on a patient. 

Clover’s evacuating catheters and aspirator or evacuating bulb, original pattern, are 
seen in Figure 51. These instruments, among others, were bequeathed by the inventor, 
Mr Joseph Clover (1825-1882), to Mr (afterwards Sir George) Buckston Browne, who presented 
them to the Museum. These instruments are figured in Sir Henry Thompson's Clinical 
Lectures on Diseases of the Urinary Organs (1888). Thompson ascribed the aspirator to Sir 
Phillip Crampton of Dublin. It was first employed in 1846, and “ no further advance took 
place in this direction, until early in the year 1865, when Mr Clover designed an india-rubber 
aspirator with a glass cylinder trapped to prevent reflux of fragments, which answered its 
purpose very well.” 
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IN MEMORIAM 


HERBERT ALFRED BRITTAIN 
1904-1954 


Herbert Alfred Brittain died unexpectedly from coronary infarction in his sleep on 
March 4, shortly after his fiftieth birthday. 

A Southern Irishman by birth and breeding, he was educated at Sedbergh School in 
Yorkshire and at Trinity College, Dublin, where he graduated in 1926. During the following 
five years he began with characteristic energy and resolution to equip himself thoroughly 
for a career in surgery. A spell in general practice as a civilian medical practitioner to the 
Royal Air Force was followed by general surgical appointments of increasing seniority and 
responsibility at Portsmouth, Bristol and Leicester. At the end of this period of intensive 
clinical work he settled down to several months of study before obtaining both the M.Ch. of 
his University and the Fellowship of the Royal College of Surgeons of England. This was a 


great achievement for him, requiring a stern discipline, because he was never a good examinee 
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and his restless questing spirit was not made for the concentrated application to text-books 
which these examinations demanded. But he did it, just as in later life he did many other 
necessary things which were not congenial to him. 

About this time a house surgeon appointment at the Royal National Orthopaedic 
Hospital, London, aroused his first real interest in orthopaedic surgery. It was not, however, 
until 1935—three years after his appointment as assistant general surgeon to the Norfolk 
and Norwich Hospital—that he determined to devote his activities solely to orthopaedics. 
He was then appointed orthopaedic surgeon—the first—in that hospital, to the Jenny Lind 
Children’s Hospital, the Great Yarmouth Hospital, the Lowestoft General Hospital and to 
the Norfolk County Council. It was the beginning of nearly twenty years of devoted and 
vigorous service to orthopaedics in East Anglia. Within a few years he had justly acquired a 
national and international reputation. 

It is curious that he did not write more, for he loved English literature, its vocabulary 
and composition in particular; and no one rejoiced more in the aptly turned phrase. His 
contributions were mainly devoted to the craftsmanship of orthopaedics. They were notable 
for ingenuity, practicability and effectiveness, as would be expected from one of the most 
dexterous and accomplished operators in orthopaedic surgery since the days of his great 
teacher, the late W. H. Trethowan of Guy’s Hospital. His work on arthrodesis and the 
architectural principles involved is his best known and is an outstanding contribution to 
orthopaedic surgery. The writer recalls a visit with Brittain to Berc-sur-Mer in the early 
summer of 1938. The famous French orthopaedic surgeon, Jacques Calvé, remarked in a 
discussion on tubercular disease of the hip joint ‘‘ The man who can fuse the hip on the 
adductor side will make a great contribution.”’ This was the spark which stimulated Brittain. 
Within a few years he had perfected his method of extra-articular ischio-femoral arthrodesis, 
and fusion operations for other joints comprising the use of bone grafts placed so that they 
were subjected to a compression force. It is characteristic of the man that he waited until 
he had operated on a consecutive series of some thirty hips, all of which he insisted were 
examined and “ passed ’’ by independent assessors, before he published the method. For 
this work he was awarded a Hunterian Professorship of the Royal College of Surgeons in 1940. 
It is certain that there is no better series of hip joint fusions than those done by Brittain and 
his pupils—and to the last he favoured the “blind” procedure done under radiographic control 
as he originally described it, for in a very large number of operations he had never damaged 
the sciatic nerve. Of more recent vintage, the V-arthrodesis for mono-articular osteoarthritis 
of the hip in old people has proved a most effective operation for the relief of pain; he designed 
it specially to reduce post-operative external splinting to a minimum. 

Like some of his great predecessors, notably Sir Robert Jones and G. R. Girdlestone, 
he made one of his greatest contributions by establishing a comprehensive orthopaedic service 
for the area in which he settled—an early example of his ability to get things done, for it 
certainly was no easy task in East Anglia when he first started. He leaves behind a compact 
thriving unit, with a beautiful new theatre block, with fractures segregated under orthopaedic 
control, and with a competent after-care service. He has handed on a great example and a 
great tradition to his successors. 

In the second world war he served in the Royal Army Medical Corps, mostly in the 
Middle East and Italy, commanding a surgical division with the rank of Lieutenant-Colonel. 
For these services he was awarded the Order of the British Empire. 

Only the best in life was good enough for ‘‘ Tommy,” as he was known to all his friends 
everywhere; he derived no enjoyment and received no message from his favourite G. Kk 
Chesterton's “ Soaring pinnacles of the commonplace.’’ His was a complex character made 
more complex by a family tragedy which for many years he had to bear alone. He had a 
curious blend of all the virtues and failings of the resourceful, militant pioneer—toughness 
and gentleness, conservatism and reform, arrogance and humility, intolerance and forbearance. 
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His sense of proportion and his very well developed sense of humour eventually overcame all 
his defects to show to all who had the patience to look the real generosity and depth of his 
character. A fine example of this was the close amity which existed between himself, the 
uncompromising exponent of arthrodesis, and Smith-Petersen, the great advocate of 
arthroplasty. In an intimate friendship of well over thirty years the writer has never once 
known him to boast of his achievements, though he took considerable pride in the daring of 
his adventurous spirit and in his quite remarkable physical vigour. Everything he did he 
did well, and to the very utmost of his capacity, whether at work or play. He had been a 
hard-working rugger forward, a good golfer and a squash player, an able swimmer and an 
accomplished dancer. Late in life he took up riding and pursued this pastime with tremendous 
zeal in spite of a fall in 1946 in which he sustained a fracture-dislocation of the cervical spine. 
He was, indeed, hunting a few days before he died: his ashes now rest on his beloved 
hunting fields of Norfolk. 

His professional life and his friendships in East Anglia imbued him with a deep admiration 
for the gradually disappearing country-squire system of the English countryside. When he 
returned to civilian life in 1945 he modelled his own existence on it. At his lovely home at 
Witton outside Norwich he entertained on a most hospitable scale. There is a host of colleagues 
and friends from all over the world who will recall Tommy in this his favourite milieu. He was 
a wonderful host with a cultured knowledge of food and wine, witty, generous to a fault, 
well read and a raconteur of the very first order. His happiest days were spent here with 
his second wife, Sonia, and his two daughters. In 1952 he developed a circulatory illness 
which threatened to quell even his stout spirit. But with Sonia as his mainstay he recovered, 
and we all hoped that he had a long life before him. It was not to be. Forty-eight hours 
before he died he had been in high spirits working out plans for a new book and for the meeting 
of the International Society of Orthopaedics and Traumatology in the autumn. It was good 
thus to bid him farewell in the kind of atmosphere in which we had so very often enjoyed his 
wit, his raillery and his stimulus. H. O.-C. 
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PROCEEDINGS AND REPORTS OF UNIVERSITIES 
COLLEGES, COUNCILS AND ASSOCIATIONS 


GREAT BRITAIN AND IRELAND 


AMERICAN AND BRITISH COMMONWEALTH TRAVELLING FELLOWS 
IN ORTHOPAEDIC SURGERY 


The bond of union between orthopaedic surgeons of the American Continent and the British 
Commonwealth of Nations has already been sealed in the two interchanges of travelling fellows 
in orthopaedic surgery—one group of twelve surgeons from Great Britain visiting important 
centres in the United States and Canada in 1948,* and another similar group from America 
travelling in a ‘‘ deep-freeze ’’ bus from one to another orthopaedic centre of England, Scotland 
and Wales in 1949.+ Much enthusiasm arose from these interchanges. The tours then planned 
were vigorous and exacting; hard work was done in many orthopaedic centres; and the fellows 
had not only the honour of their appointment but also the opportunity of learning more of the 
work of their colleagues on opposite sides of the Atlantic as well as getting to know each other 
better. So successful were these first ventures that a club has already been formed—the A.B.C. 
(American, British, Canadian) club of travelling orthopaedic surgeons which now meets at least 
once each year. 

This is perhaps one of the greatest adventures in interchange of surgical knowledge and 
stimulus between the younger orthopaedic surgeons of the great continents of the English-speaking 
world; and both the American Orthopaedic Association and the British Orthopaedic Association 
are determined that so valuable an influence should be sustained, maintained and even increased. 

A more permanent plan has now been established. In alternate years five young orthopaedic 
surgeons will travel from the American Continent to Britain, or from the British Commonwealth 
of Nations to America. This will be sustained so long as the American, Canadian and British 
Orthopaedic Associations can support it, and they are determined to do so because they are so 
sure of the merits of the plan. So far as Britain is concerned it is intended to include the whole 
Commonwealth of British Nations, so that of the five travelling fellows at least one will come from 
Australia, New Zealand or South Africa. 

This year it will be the turn of young British orthopaedic surgeons to go to America. Next 
vear their men will come to us. The election of the British travelling fellows was entrusted to 
the Joint Committee of Postgraduate Orthopaedic Education, which represents the several Royal 
Colleges of Surgeons of Great Britain, the British Orthopaedic Association, the Department of 
Orthopaedics of the University of Liverpool, the Institute of Orthopaedics of the University of 
London, the Nuffield Orthopaedic Centre of the University of Oxford, and all the regions of 
the Ministry of Health. After very great deliberation this committee made its recommendations 
to the president of the British Orthopaedic Association. From a list of more than sixty applicants 
from Great Britain, and recommendations from Australia, the fellows appointed for 1954 are:— 

Donal Brooks, London, England, 

G. P. Mitchell, Edinburgh, Scotland, 

H. J. Richards, Oswestry, England, 

J. N. Wilson, Cardiff, Wales, 

H. Rk. T. Hodgkinson, Sydney, Australia. 

We send these ambassadors to the United States and Canada in the firm belief that they will 
come back with greater maturity and greater understanding, more than ever ready to receive our 
guests from the United States and Canada next year. 


ROYAL SOCIETY OF MEDICINE 
SECTION OF ORTHOPAEDICS 


A clinical meeting of the Orthopaedic Section was held on February 2, 1954, with Mr H. L.-C. 


Wood in the chair. 
Recurrence of Pott’s paraplegia after antero-lateral decompression \/y ]. H. Shelswell 
(London) among other patients showed a woman of forty-six with Pott’s disease of the spine who 


* Journal of Bone and Joint Surgery, 1948, 30—B, 405. 
* Journal of Bone and Joint Surgery, 1949, 31—B, 160. 
+ Journal of Bone and Joint Surgery, 1949, 31—-B, 476, 623. 
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had developed paraplegia and had been treated by antero-lateral decompression, with recovery 
of the paraplegia in six weeks. After fusion of the spine she remained well for a year, when the 
paraplegia recurred and a further antero-lateral decompression and seqaestrectomy had to be 
carried out, which again was followed by rapid recovery of the paraplegia. This is the only known 
case of recurrent paraplegia after antero-lateral decompression. 

Pseudarthrosis of the tibia after osteomyelitis—.\/y 4. C. Bingold (Sidcup) showed a case in 
which a bone-grafting operation failed but subsequent immobilisation in a compression clamp 
produced rapid union. Several members quoted cases of their own in favour of the use of 
compression in the union of fractures, especially in the tibia. 

Infantile cortical hyperostoses—.\V/y Rk. H. Maudsley (London) and My M. B. Devas (London) 
each showed a case in which the differential diagnosis of subacute osteomyelitis had caused difficulty. 
Congenital absence of the lower end of the tibia—.J/r /. Briggs (London) showed a child 
now aged two years. Arguments for and against early amputation were produced, but most favoured 
expectant treatment until the child was old enough to decide about amputation for herself. 
Unstable knee from hip defect—.V/y R. H. Metcalfe (Purley) showed a case of a man of forty-five 
with long-standing flexion and adduction deformity of the right hip. The right knee had become 
grossly deformed into valgus, with extreme lateral instability, and was now interfering with his 
work. The problem of treatment was discussed at length. The consensus was that the right hip 
should be fused in slight flexion and abduction and that the instability of the knee should be 
controlled by an external appliance. 


REGIONAL ORTHOPAEDIC CLUBS 
SOUTH-EAST METROPOLITAN REGION ORTHOPAEDIC CLUB 


A meeting of the club was held in the Southern Hospital, Dartford, on February 13, 1954. 

Thirty-eight members and guests attended, and after the meeting they were entertained to lunch 
by the Dartford Group Hospital Management Committee. 
Congenital dislocation of the hip—/r Kk. F. Hulbert (Petts Wood) showed a series of ten cases 
of congenital dislocation of the hip in children. In three the dislocation was bilateral, in one there 
was congenital subluxation on the left side, and the remaining six, by a curious coincidence, all 
presented congenital dislocation of the left hip joint. All had been treated in the first instance 
by a period of traction in increasing abduction followed by an attempt at gentle manipulative 
closed reduction. When this had failed open reduction was performed with excision of the limbus. 
After reduction all patients were treated in a ‘‘ frog "’ plaster for a short period and later by Denis 
Browne's congenital hip splint. Various modifications of this splint had been tried and a patient 
was shown wearing such a splint in which the cross bar had been placed at the back. This was 
found to facilitate nursing. 

Perthes’ changes had occurred in one hip in each of two cases of bilateral dislocation. The 
acetabular roof appeared to be deficient in four hips; the deficiency was unilateral in three cases 
which had presented bilateral dislocation, and included one of the joints showing Perthes’ changes. 
A successful shelf operation had been performed in one of these cases. 

The child with Perthes’ changes and instability in the same hip was discussed in some detail. 
The consensus of opinion was that a shelf operation was indicated without further delay, and that 
this should be followed by a period of traction in moderate abduction for about six months. Such 
immobilisation would assist towards the healing of the Perthes’ changes in addition to allowing 
consolidation of the shelf 

A woman of thirty-nine with old bilateral congenital dislocation of the hips was presented for 
discussion by Wy B. Lawson. She had led an active life including outdoor sports until about ten vears 
ago when she was troubled by increasing pain in her right hip. Abduction osteotomy of the right 
femur, followed by excision of the head and upper part of the neck of the right femur, had been 
performed by Mr J. S. Batchelor. This gave relief, but pain had recurred in recent months, and 
there was also pain in the low back. There was shortening of the right lower limb with a 
flexion-adduction deformity and instability at the hip. Her left hip, though dislocated, remained 
virtually free of symptoms. In discussion Mr Batchelor pointed out that the result on her right hip 
might have been better if the osteotomy had been performed rather lower. Mr J. H. Mayer, Mr 
E. A. Lindsay and others considered that arthrodesis of the right hip was required to relieve her 
increasing discomfort and instability. It was the general opinion of the meeting that the left hip 
called for no treatment at present, but the relative merits of cup arthroplasty, associated perhaps 
with rotation osteotomy of the femur, or Judet arthroplasty, were discussed. Mr Mayer mentioned 
a similar case in which cup arthroplasty followed by rotation osteotomy of the upper femoral shaft 
had resulted in good function; others spoke of similar results achieved by the Judet operation. 
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Myelography in painful low back regions—./ry B. Lawson (London) presented a series cf 
patients, radiographs and pathological specimens. He demonstrated the radiographic appearances 
in various types of disc prolapse visualised by myelography, which he had been using in recent 
months on trial. He had found the method useful in localising the lesion, especially when the 
level was in doubt, but he remained sceptical about the routine use of myelography in view of 
recent opinions expressed against it. Myr G. B. Northcroft (London) presented a neurosurgeon’s 
view. He demonstrated the radiographs of several patients in whom diagnosis was difficult. 
Myelography had proved of vital importance in demonstrating and localising various types of 
spinal tumour, the removal of which had resulted in cure of the patients demonstrated. My 4. D. 
Le Vay (London) put forward a strong plea against the routine use of myelography in cases of 
presumed disc prolapse. He pointed out that myelography often produces misleading results and 
maintained that one should usually rely upon the clinical findings. He believed that myelography 
should be reserved for cases in which clinical or radiological appearances were anomalous; such 
cases should be referred to a neurosurgeon for investigation and treatment. 

Congenital talipes equinovarus—.\/y K. F. Hulbert showed six children with this deformity, 
all showing a tendency to relapse after initial correction and splintage. These were all walking in 
modified Browne splints. 

Other cases— Among other cases were two of median nerve compression under the transverse carpal 
ligament. Both patients had been cured by incision of the ligament. In one patient with bilateral 
symptoms the pathology was different on the two sides. In one wrist there was marked thickening 
of the transverse carpal ligament with fibrosis in the tunnel; in the other there was an effusion 
in the flexor tendon sheath with apparent compression of the median nerve by increased pressure 
resulting from this. Wy St C. Strange (Canterbury) doubted how the lesion at the wrist could 
produce referred pain in the upper arm and shoulder region, but many of those present were satisfied 
that proximal reference of pain might occur in the distribution of the roots which contributed 
to the median nerve. 

My Lawson also showed the radiographs of a patient who was known to have chronic lymphatic 
leukaemia and carcinoma of the breast. No one could improve upon Mr H. L.-C. Wood's 
suggestion that these films suggested the triple diagnosis of leukaemia, secondary carcinoma and 
ankylosing spondylitis. 

Demonstrations—Dy H. G. Close (Dartford) presented an interesting demonstration on the 
laboratory diagnosis of myelomatosis. Messrs Burroughs Wellcome Ltd. showed photographs of 
historical interest to orthopaedic surgeons, and we also saw an impressive list of historical events 
with which Dartford had been associated. A deep-freeze cabinet was demonstrated by Messrs 
J. & E. Hall Ltd. 

SOUTH-WEST ORTHOPAEDIC CLUB 

A meeting of the South-West Orthopaedic Club was held at the Bath and Wessex Orthopaedic 
Hospital on November 21, 1953, with Mr John Bastow in the chair. 

Clinical cases— At the morning session clinical cases were demonstrated. Wr 4A. &. Burton (Bath) 
showed arthroplasties of the hand at the metacarpo-phalangeal joints in rheumatoid arthritis, in 
which an acrylic metacarpal head had been inserted. .Wyv Tom Price (Bath) demonstrated three 
cases of arthrodesis of the hip for tuberculosis by Hibbs method. He also showed a case of a boy of 
twelve with dyschondroplasia affecting the right thumb and the radial side of his arm. No other 
bones were affected. My John Bastow (Bath) showed a case of synovial tuberculosis of the knee 
in a boy of eleven which was treated by synovectomy after a year of immobilisation and by 
parenteral streptomycin. The boy was now quite healthy and the range of knee movement was 
from 175-85 degrees. He demonstrated another case of tuberculosis of the hip in a boy of five. 
After a six months’ course of streptomycin and P.A.S. he explored the focus and sent material 
removed for microscopy. No evidence of any active tuberculosis or tubercle bacilli could be 
detected. My Peter London (Bath) showed cases of synovectomy of the knee in rheumatoid 
arthritis. My Hedley Hall (Bath) demonstrated a case of ‘‘ grade 3’ spondylolisthesis in a boy of 
sixteen in which he had used a bone graft of bone bank patella placed anteriorly through an 
abdominal incision. He also showed a case of poliomyelitis affecting the hip abductor muscles in 
which a transplantation of the ilio-psoas tendon to the greater trochanter had been done to restore 
abduction. Power of abduction was 0 before operation and 2 afterwards. 

Ischio-femoral arthrodesis of the hip—./y ]. Bastow reviewed a series of personal cases of 
Brittain’s arthrodesis of the hip for tuberculosis, demonstrating the solid bony fusion obtained. 
The advantages of early grafting were emphasised in that shortening was minimised and a good 
range of movement obtained. Three recent cases of Brittain’s graft in young children in which 
the graft had absorbed and a full range of movement had returned to the hip joint were shown, 
illustrating first the difficulty of deciding by radiographs in young children the degree of destruction 
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in the articular surfaces, and also the greatly improved chance of securing a mobile joint after 
P.A.S., streptomycin and iso-nicotinic-acid hydrazide had been used as a routine. The possible 
value of a subtrochanteric osteotomy to provide temporary rest for the joint or to stimulate local 
healing was also discussed. 

Ilio-femoral arthrodesis of the hip—My 7. Price reviewed a follow-up of forty cases of 
arthrodesis of the hip by Hibbs method carried out by Miss M. Forrester-Brown since 1926. Since 
that time fifty-five operations had been performed but he was only able to assess the final result 
in forty. There were no deaths immediately after operation and in no case was a blood transfusion 
given. The operation was carried out on a Jones frame and a plaster spica was applied after six 
weeks. This was worn until clinical union was present. Thereafter the Forrester-Brown hip splint 
was worn until the arthrodesis had consolidated. There were only four deaths occurring some years 
after operation. Thirty-three cases showed successful bony ankylosis. Consolidation required 
about a year. The operation was performed in patients under fifteen years of age in thirty-two 
cases. The greatest shortening was 2} inches. Mr Price stated that if Mr Bastow’s cases were added 
to this series there had been about eighty hips grafted in twenty-five years from an area with 
1? millions of population—about three per year. 

Pseudarthrosis of metacarpo-phalangeal joints—\/y 4. Burton reported twenty-nine 
cases of pseudarthrosis of the metacarpo-phalangeal joints of the hands in rheumatoid arthritis, 
and four cases of hand arthroplasty of the metacarpo-phalangeal joints using an acrylic prosthesis. 
The results of the pseudarthroses were, in general, excellent although the functional improvement 
on the average was approximately 50 per cent in terms of mobility. Relief of pain and joint 
symptoms was obtained in all the cases. The more recent formal arthroplasties were, as yet, too 
early to allow accurate assessment, but in three cases there had been a good improvement in 
mobility and the function was satisfactory. The two series were reported as examples of cases 
deriving good symptomatic relief from the crippling hand deformities of rheumatoid arthritis. 

Selection of patients had been carefully controlled and great importance was attached to the 
post-operative treatment. 

Scoliosis— Vy Hedley Hall considered that the treatment of scoliosis, including the methods 
of correction by Risser jackets and subsequent fusion, was unsatisfactory, basing his opinion 

on the American Survey in 1941, and he was seeking something better. He had been impressed 

by the work of Nachlas, who had used staples to stop growth of the affected vertebrae on the 

convex side of the curve. In conjunction with a thoracic surgeon he had stapled four spines. 

He had been impressed by the ease with which the operation could be performed, and said that 

there was very little shock. After the operation there was no need for immobilisation and it was 

possible for the patient to regain a mobile spine. This was in direct contrast with all other methods 

of treatment in which the spine remained rigid. 

Bone grafts for ununited fractures—1\/y |’. S. Hughes-Davies reviewed twenty cases of sliding 

bone grafts for delayed union of fractures of the shaft of the tibia. The grafting had been 

done between one and five years ago. Eleven fractures were originally compound. There were 

three cases of double fracture—the fracture in the uppermost third united spontaneously but the 

lower fracture was unstable or had delayed union. The grafting was performed at the earliest 

at two months and the latest at eight months from the time of injury. Four stainless steel screws 

were used to secure the grafts. All patients gained sound union and returned to normal duties 

from five to nine months after the operation. Two showed local sepsis at the site of a screw which 

quickly cleared after removal of the screw. All but one complained of minor symptoms such as 

aching and slight restriction of movement but none was incapacitated. 

Synovectomy for rheumatoid arthritis of the knee— My Peter London reviewed cases of 

synovectomy of the knee in rheumatoid arthritis. Thirty-five knees were subjected to synovectomy. 

He concluded that synovectomy was a valuable method of preserving useful function in a joint 

and was most likely to succeed when the radiographic joint space was good or normal. It was 

disappointing in the presence of a relentlessly progressive rheumatoid process. 

Acrylic femoral head prostheses—.V/y Kk. Pridie (Bristol) discussed the acrylic prosthesis for 

the head of the femur and its various types of fracture. He said that in his own personal series 

of 100 cases the acrylic prosthesis had fractured in six. He expected this to happen to many more. 

He felt that there was an impression that manufacturers did not test the prostheses. This was 

not so. He showed slides of the elaborate and expensive machinery which was employed by the 

manufacturers for this purpose. The stem of the prosthesis was broken in all his cases. The head 

itself had always been intact. Acrylic material did not stand up well to wear and tear and grooves 

developed in it. He felt that until these structural problems had been overcome it was wrong to 

use an acrylic prosthesis in a young person. The problem now was what to do with those cases in 
which a prosthesis had fractured. He was now using a new type of prosthesis made of dental 
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plastic which rested on the intertrochanteric line and was fixed in position with an intramedullary 
pin to the shaft of the femur. Mr Norman Capener (Exeter) reported that in one of his cases there 
was a spiral fracture of the acrylic head itself. 

After a strenuous day the members were taken, by way of relaxation, on a tour of the Roman 
Baths and visited the Pump Room. Later the annual dinner was held at Fortt’s Restaurant. 


LEEDS REGIONAL ORTHOPAEDIC CLUB 
A meeting of the Leeds Regional Orthopaedic Club was held in York on October 9, 1953. 
Clinical cases—MyT. ]. B.A. MacGowan (York) showed a variety of clinical cases and radiographs. 
Ununited fractures of scaphoid—He had treated fractures of the scaphoid by the insertion of 
a bone graft if the fracture was not united after twelve weeks. The graft was taken from the 
outer side of the radial styloid. Union had occurred in all, yielding a painless wrist. The average 

period in plaster after the graft was twelve weeks. 

Rheumatoid arthritis of hip—<A case was shown in which arthroplasty had been undertaken, 
using a special steel prosthesis consisting of a solid femoral head with a trifin nail stem. 
Congenital talipes equinovarus—Two child twins with club feet were shown, one bilateral and 
the other unilateral. The deformities had responded to conservative treatment. 

Osteoarthritis of the carpo-metacarpal joint of the thumb—Mr MacGowan showed an 
example in which the joint had been erased and a small stainless steel semi-spherical prosthesis 
with a nail stem had been driven into the base of the metacarpal. The result was excellent, both 
as regards pain and function. Alternative methods of fusion with iliac chip grafts and excision 
of the trapezium were discussed. 

Mallet finger—In the chronic condition Mr MacGowan advocated an elliptical incision of the skin 
and fibrous tissue and suture of the two layers of tissue by a mattress stitch tied over gauze at 
the end of the finger. 

Calcinosis—A case was described in which many joints were involved. The knee had become 
infected and left a chronic draining sinus, through which most of the material drained away. 
Surgical removal of the deposit appeared to favour an increased deposit of calcium round other 
joints. 

Osteochondroma of the femur—An enormous swelling of the upper part of the thigh and 
probably now malignant. A hindquarter amputation was advocated. 

Acrylic femoral heads—y A. Naylor (Bradford) reported two cases in which acrylic femoral 
heads had fractured, and in one considerable flattening of the prosthesis was noted during removal 
My D. V. Marshall described one acrylic femoral head which had completely disintegrated. The 
general consensus of opinion was that there is no tissue reaction to a plastic prosthesis, but that 
when metal is used there is some evidence of fibrosis and fluid formation. 

Rehabilitation after poliomyelitis— Myr H. L. Crockatt (Kirby Moorside) believed that the most 
fundamentally important feature in promoting maximal recovery in paralysed or paretic muscles 
after poliomyelitis was their protection from stretching from the onset of the disease to the end 
of treatment. He gave the following evidence for his belief. 1) The muscle charts of fifty lower 
limbs and thirty-five upper limbs were examined of patients transferred to Kirby Moorside from 
isolation hospitals, where the splinting had mostly been inadequate or absent. The distribution 
of paralysis both in degree and extent was found to be most severe in muscles that were most 
subject to stretching from gravity or position, either when in bed, or when upand about. 2) Instances 
were found of muscle power decreasing during the course of treatment when splintage had been 
abandoned too soon. 3) Two instances were described in which functional recovery occurred, in 
muscles thought to be paralysed beyond recall, merely by application of a splint. Exercises and 
fatigue—Myr Crockatt said that muscle training could only improve the tone and power of muscle 
fibres already functioning; the unrecovered fibres ought still to be protected from stretching. 
Exercise ought therefore to be in the middle range of movement. “Joint stiffness,’ contracture, 
and defornity—Exception was taken to the recent emphasis on joint stiffness. The typical paralytic 
joint was a flail joint, but when one-sided contracture was liable to occur from muscle imbalance, 
it seemed more logical to prevent it with a splint than to correct it by intermittent stretching. 
Renal rickets— Dr W’. Henderson (York) described the clinical features of three cases of renal 
rickets. 

Fractures of the tibial shaft— My D. V. Marshall (York) claimed that internal splintage by a 
plate held the fractures so securely that plaster-of-paris support was unnecessary and the patient 
could exercise the ankle and knee freely. It was his practice to keep the patient in bed apart 
from toilet requirements until the wound was healed (usually between ten to fourteen days) and 
thereafter to allow the patient up bearing full weight. A number of patients had been treated 
without plaster support but it had been found for various reasons (chiefly accidental slipping and 
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falling at home) that it was better, particularly for men, to support the limb with a below-knee 
plaster until there was radiographic evidence of union. After six to ten weeks’ treatment it was 
usual to protect the leg by only a Glassona or plaster gaiter. In the most successful cases the 
patients had returned to full work after fourteen weeks, and in others after twenty weeks. In all, 
thirty-five patients had been treated by the method. 


EAST ANGLIAN ORTHOPAEDIC CLUB 
A meeting of the East Anglian Orthopaedic Club was held at the Newmarket General Hospital 
on November 28, 1953. Clinical cases were demonstrated. 
Tuberculous disease of the spine—.V/y FE. S. Jamieson (Bury St Edmunds) showed a remarkable 
series of plain radiographs and tomographs depicting tuberculous disease of the spine in adults. 
He spoke of conclusions he had come to as a result of his experience. He showed films of every 
part of the spine and made the following points. 1) In lower thoracic lesions, paraplegia was 
common because there was little room for lateral spread and so local destruction was extensive. 
2) It was important to drain away necrotic material early to avoid the prolonged osteolytic action 
of tuberculous pus. 3) It should be recognised that the bone lesion was a secondary; there was 
often difficulty in finding the primary. 4) Antibiotics modified the picture and prevented spread 
but did not accelerate healing of the lesion. He made a plea for early drainage of abscesses because 
he believed that this accelerated healing. 
Fractured olecranon— Miss \/. Welply (Newmarket) showed cases of fracture of the olecranon 
and of the lateral femoral condyle immobilised with screws with excellent results. In the cases 
of fractured olecranon a short screw placed obliquely through the fracture and entering the cortex 
distal to the fracture had been used instead of the longer intramedullary screw frequently used. 
Diseases of the hip—J/r EF. S. Jamieson showed a series of cases of children admitted with 
hip disease thought to be tuberculous in which the diagnosis was not clear at time of admission. 
These he labelled ‘“‘ observation hips ’’ and in time the diagnosis became established. They 
included those that became clearly tuberculous and also slipped femoral epiphysis, Perthes’ 
disease, Cyst in the femoral head, probably Brodie’ 
of foot, and acute suppurative arthritis. 
Arthrodesis of the hip—JV/iss M. Welply demonstrated the results of arthrodesis of the hip 
in a case of spastic hemiplegia and in a child with congenital dislocation of the hip. The method 
used was an ilio-femoral arthrodesis with a long Smith-Petersen nail. She also showed the case 
of a child fifteen weeks old with congenital absence of a femur and upper tibial epiphysis. 


s abscess secondary to a subacute osteomyelitis 


IRISH ORTHOPAEDIC CLUB 

A meeting of the Irish Orthopaedic Club was held in Galway on October 3, 1953. Mr R. J. W. 
Withers was elected chairman in succession to Professor Arthur Chance. 

The morning session was held at Woodlands Orthopaedic Hospital, where demonstrations of 
the Kite method in club foot treatment were given, and cases of skeletal tuberculosis and rheumatoid 
arthritis were shown. Members were entertained to lunch at the West Regional Sanatorium. The 
afternoon was spent at the Galway Central Hospital where cases of fracture were shown. The host 
was Mr H. G. A. Little, who showed all the cases, and who entertained the members to lunch. 


SOUTH AFRICA 


SOUTH AFRICAN ORTHOPAEDIC ASSOCIATION 
SECOND CONGRESS 
The second congress of the South African Orthopaedic Association was held in Cape Town 
from November 30 to December 2, 1953. The first session was presided over by Mr G. T. du Toit. 
The second and subsequent sessions were presided over by Mr J. M. Edelstein who, as the newly 
elected president, was presented with the Jewel of Office by the emeritus president, Mr F. P. Fouché. 
The programme included papers, demonstrations of clinical cases, an exhibition of interesting and 
unusual radiographs presented by the Cape Town Radiological Society, a demonstration of 
pathological bone specimens by the Pathology Department of the Cape Town University, a trade 
exhibition and films. 
Double plating of the femur—J/y /. S. de Wet (Pretoria) quoted twenty-five cases in which 
double plating for fractures of the femur had been performed as a primary method of treatment. 
One plate was placed anteriorly and the other laterally. He favoured the postero-lateral approach 
and used Venable-type plates and screws. After operation the limb was immobilised in a Thomas 
splint. In nineteen cases union was clinically sound at three months. Oblique, transverse, spiral 
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and double fractures of the femoral shaft could all be treated by this method, but it was not suitable 
for fractures within three inches of the adductor tubercle. In the discussion some members favoured 
protection with a caliper when weight bearing was begun. The question of whether the periosteum 
should be stripped was discussed. The excessive callus formed by Bantu patients as compared 
with white patients was noted. 

Shoulder-hand syndrome—Dy M. Horwitz (Cape Town) said that this condition was being 
more commonly recognised. It was characterised by pain and stiffness of one or both shoulders, 
with stiffness of the corresponding hand. The condition was often self-limiting after about three 
months; there might be full recovery, or permanent stiffness of the shoulder and a Dupuytren-type 
contracture of the fingers. Dr Horwitz described seven patients, of whom four had associated 
cardiac infarction, one had cardiac failure and two had no cardiac involvement. Some patients 
had cervical osteoarthritis, but he considered this to be incidental. Discussing the pathogenesis, 
he favoured the theory of Steinbrocker that the condition was due to a trophic disturbance, allied 
to Sudeck’s dystrophy. Treatment by stellate ganglion block with or without cortisone orally 
had been the most effective. Local hydrocortisone had been disappointing. 

Members discussed the question whether an electrocardiogram should be done in every case, 
and whether spasmolytic drugs such as Priscol were of any use. Some speakers considered cervical 
osteoarthritis an important factor in causation. Others mentioned the predominance of the 
condition in nervous females whose shoulder had been immobilised for some other condition. 
Rest followed by manipulation was also advocated. 

Dr Horwitz, replying, said that after cardiac infarcts the commonest shoulder affected was 
the left. He had not seen the nervous female type as most of his cases had been males. He disputed 
the significance of cervical osteoarthritis. Priscol and other spasmolytics only relieved the coldness 
of the hand but not the stiffness. In one of his cases the electrocardiogram became positive only a 
few days after the onset of the trophic disturbance in the shoulder. 

Some experiences with scoliosis—\V/y G. T. du Toit (Johannesburg) said that the treatment of 
scoliosis varied so much in different clinics that only one’s own personal experience with the 
problem could make one decide which teaching to follow. Methods that had been employed 
included Risser jackets, Cellastic corsets, Miirk-Jansen beds, and Le Mesurier suspension jackets. 
Photographs of patients before and after operative corrections were presented. Mr du Toit 
emphasised that scoliosis is often severe radiologically when the patient is first seen by the doctor 
or when the curvature is first noticed by the parents. He believed that traction was useless in 
correcting scoliotic deformities; three-point pressure was required. Spinal fusion after correction 
of the deformity by three-point pressure was described. Homogenous, autogenous, and cancellous 
beef bone had been used, and as much bone as possible had been packed on to the roughened 
laminae. There was a full discussion of this paper and many members took part. In reply to 
numerous questions Mr du Toit stated that he did not know the answer and very few people 
knew the answers to most of the problems of scoliosis. He thought that a scoliosis clinic where 
one group of surgeons took a particular interest in the subject would lead to better assessment 
and results, and suggested that a university clinic should be established. In polio-scoliosis the 
Le Mesurier method of correction was good in young patients. In older children with more 
structural changes and rigid spines the Risser jacket might be necessary. Something in the nature 
of an internal splint might be the ideal method, such as the “internal jack’’ recently used by 
Allan at Birmingham. Fusion of the convex side of the spine alone was not strong enough. There 
was little tensile strength in a bone graft and it was not able to withstand the pressure. The 
fusion should be extensive, especially in the thoracic spine. The ideal age at which to fuse a spine 
was twelve to fourteen years. If the deformity was progressing rapidly it should be done earlier. 
Vascular changes in poliomyelitis and the effect of sympathectomy on bone growth 
Professov R. Goetz (Cape Town) had investigated these problems in the surgical department of 
Cape Town University. Reflex heating and sweating tests indicated that there was involvement 
of the sympathetic system in poliomyelitis. Many factors influenced the decision to advise 
sympathectomy in cases of poliomyelitis complicated by coldness and shortening of limbs. 1) The 
paralysis of muscles must not be too extensive. 2) Shortening of the limb must not be too great. 
3) The age of the patient is important. 4) The type of vascular interference present must be amenable 
to sympathectomy. 5) The greatest benefit would be obtained in young children with up to one inch 
of shortening and who had enough remaining muscle function to prevent post-operative oedema. 
Mr J. M. Edelstein (Johannesburg) said that sympathectomy to increase length had been 
disappointing because the cause of the shortening was muscle atrophy and disuse of the limbs, 
and this could not be influenced by sympathectomy. 

Nerve suture and cross- grafting using polythene tubes—.1V/y 7. Sarkin (Cape Town) recalled 
that in ordinary nerve suture success might be jeopardised by the fact that the axons grew out of 
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the perineurium through the holes at the suture line. In plasma-union of nerves the ends usually 
separated. The method was useful only for cable grafts. An attempt had therefore been made to 
appose the nerves more satisfactorily and Mr Sarkin described the methods that he had used 
experimentally in rabbits. He first employed gelatin troughs and heparinised plasma to hold the 
cut ends of the nerve together, but later used polythene plastic material. The results of his 
experiments on the cut peroneal nerves of rabbits were very successful, as proved by tests of 
clinical function, electrical stimulation, microscopic and macroscopic examination. 
Macro-radiography as applied to orthopaedic problems—Dy £. Samuel (Johannesburg) 
showed radiographs of bones and joints taken with the new high-voltage technique known as 
macro-radiography. This method enlarges the bone on the radiograph but not the grain on the 
film. Nine-times magnification of the wrist joint and seven-times magnification of the sella turcica 
in the skull were demonstrated. The method is not expensive and the x-ray dosage received by 
the patient is minimal. 4 
Recent developments in the study of virus diseases— Professor M. Van den Ende (Cape Town) 
discussed two important aspects of recent work on virus diseases: tissue culture developments, 
and genetics associated with virus cultivation. Modern methods for testing the presence, the 
virulence, and the pathogenicity of different influenza viruses were explained. These methods 
could also be applied to other human viruses. The experiments indicated the possibility of 
producing vaccine strains in the near future which would be non-pathogenic to man, and of 
developing methods to combat the pathogenicity of these viruses. 

An assessment of hip arthroplasty— Wr R. C. J. Hill (Durban) believed that the methods of 
hip arthroplasty had not yet been perfected. The late results of metal or acrylic head and cup 
operations were not as good as they appeared to be soon after the operation. Nevertheless the 
operations should not be condemned. The relief of pain obtained in older patients was often 
surprisingly good. In the younger patients, in whom improvement of hip function was the aim, 
the results were not so satisfactory. He attributed this to the fact that the cups and heads used 
as replacement prostheses were mechanically inefficient. He had found, on inspecting an acrylic 
prosthesis after six or nine months, a type of funnelling or hollowing out of the upper part of the 
neck of the femur. This resulted in laxity of the fit of the prosthesis and caused eccentric movement 
of the head in the acetabulum. Because of this abnormal movement fractures sometimes occurred 
in the stem at its junction with the head. When metal cups were used the rim of the cup often hitched 
up in the acetabulum at one particular spot, resulting in areas of exposed bone and causing pain. 
The metal type of prosthesis was probably less liable to complications than either the cup or the 
acrylic head. 

In discussion My H. Bell (Cape Town) said he employed acrylic heads in old people, particularly 
those with recent subcapital fractures of the femoral neck. Arthrodesis was preferred in young 
patients but a cup arthroplasty should also be considered, for if it failed an arthrodesis could still 
be performed later. He thought that the concentric cup arthroplasty recently described by 
Crawford Adams would prove more successful. My A. J. Helfet (Cape Town) thought that, although 
arthroplasty was done too enthusiastically at first, there was no need to become too gloomy about 
it now. Many poor results could be ascribed to poor operative technique. For the relief of pain 
only, a Batchelor excision of femoral head and neck was still a very good operation. Mr G.T. du Toit 
(Johannesburg) suggested that a questionnaire be circulated to members in an attempt to assess 
the results of hip arthroplasty. My J. G. du Toit (Pretoria) stated that he treated all subcapital 
fractures of the femoral neck by immediate insertion of an acrylic head. He used the lateral 
approach and did not remove the greater trochanter, but shortened the gluteus medius at the end 
of the operation to obtain better stability of the hip. My J. J. Commerell (Cape Town) advised 
against early weight bearing after operation as the strength of the neck was still impaired and 
it was liable to collapse. Myr A. D. Polonsky (Johannesburg) considered that bone cement packed 
into the hole reamed for the stem of the prosthesis would prevent laxity and abnormal movement 
of the stem. 

Anterior spinal fusion for spondylolisthesis—My ]. G. du Toit (Pretoria) believed, from a 
study of lumbo-sacral columns and the spines of numerous foetal specimens, that spondylolisthesis 
was not of congenital origin. He suggested that injury was the principal factor. He considered 
that operation should be advised even in young patients, because the condition was often 
progressive and the operation was less successful when slipping was pronounced and root symptoms 
were present. He preferred the method of anterior vertebral-body fusion through an abdominal 
approach, except when nerve root compression symptoms were present. 

Intervertebral body fusion for spondylolisthesis through the posterior route—My G. F. 
Dommisse (Pretoria) mentioned the work of James and Nisbet in New Zealand, and of R. Cloward 
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in Honolulu. Fusion of the vertebral bodies was by a bone graft under compression and was more 
likely to be successful than posterior inter-laminar fusion, which was by a bone graft in tension. 
The operation consisted in removing the loose laminar portion posteriorly, cutting away the 
prominent postero-superior angle of the first sacral vertebra, curetting the disc, and creating raw 
bony surfaces in the adjacent vertebral bodies of the lumbo-sacral joint. Bone grafts were inserted 
between these two vertebral bodies. He had performed this operation in thirteen cases with ten 
good results. Two cases were too recent to assess accurately. 

Some interesting and unusual disc problems—.V/r R. P. Lancaster (East London) believed 
that all conditions diagnosed as ‘‘ prolapsed disc ’’ should first receive conservative treatment. 
Only 30 per cent of his patients required laminectomy because of failure of conservative treatment. 
Of the patients operated upon only 10 per cent were not improved. He described a case of 
chemical arachnoiditis complicating myelography. 

Osteochondritis dissecans with spontaneous resolution—.\/y ]. M. Edelstein (Johannesburg) 
spoke of the difficulty in prescribing treatment for those cases in which the osteochondritic fragment 
had not yet separated from its bed in the articular surface. This applied particularly to children 
under fourteen years of age. He quoted cases in which he had observed spontaneous resolution 
without treatment. In five such cases the time required for resolution varied from nine months 
to twenty-seven months. In a sixth case the radiographs were normal after only two months. He 
had not seen or heard of cases in older children or in adults which had resolved spontaneously. 

In discussion My Fouché mentioned that he usually operated in these cases by drilling around 
the fragment. He was interested to hear that patients could be cured by conservative treatment. 
Domiciliary treatment of tuberculosis of bone and joint—.J/y J. ]. Commerell (Cape Town) 
described the methods employed in the Cape Town area for treating patients with tuberculosis of the 
spine and lower limbs in their homes. Because of the inadequate accommodation available in 
hospitals a system of extra-mural clinics was started in 1948. These were held once a month in different 
areas, and visited by a team consisting of orthopaedic surgeon, orthopaedic sister, a clerk, and an 
appliance maker. Since 1950 many of the patients seen at these clinics had been treated in their 
own homes on spinal frames and in Thomas splints. If the home conditions were in any way 
suitable the patient was fitted with an appropriate appliance; the orthopaedic sister visited the 
patient as often as she considered necessary. The district sister called to give all necessary 
intramuscular injections, and the family or parents of the patient were instructed in the 
administration of P.A.S. or Rimifon tablets. The patient thus treated in his own home environment 
benefited psychologically. The attitude of the parents changed from one of despair to one of 
hope and active interest. 

A total of 112 non-Europeans had been treated in this manner, ninety on spinal frames and 
twenty-two in Thomas splints. 


Clinical cases—A demonstration of clinical cases was given by the Cape Town members at the 
Groote Schuur Hospital. Among the cases shown were examples of leg equalisation by leg 
shortening and leg lengthening (Myr H. Bell); Charnley arthrodesis of the hip (My H. Bell); 
“‘ lively '’ hip-spring for paralytic flail hip (My A. J. Helfet); intercarpal fusion for ununited fracture 
of the scaphoid (Myr A. J]. Helfet); extensor hallucis transplant for tibialis anterior paralysis 
(Myr J]. ]. Commerell) ; chondro-osteo-dystrophy in a baby (Mr N. Rosensweig) ; congenital shortening 
of femur and congenital dislocation of the hip in the same limb (Vr S. Shulman); reconstruction 
of the thumb by tube pedicle graft (My S. Shulman); and fractures treated by Rush nails 
(Mr T. B. McMurray). 

Officers for 1954-55—The following were elected: President, Mr J. M. Edelstein; secretary, 
Mr S. Sacks; treasurer, Mr W. T. Ross. Mr A. J. Helfet was nominated a member of the British 
Editorial Board of the Journal of Bone and Joint Surgery. 


CANADA 


CANADIAN ORTHOPAEDIC ASSOCIATION 


The Tenth Annual Meeting of the Canadian Orthopaedic Association will be held in Vancouver 
and Harrison Hot Springs, British Columbia, from Wednesday, June 9, to Sunday, June 13, 1954, 
inclusive. A clinical meeting will be held in Vancouver on Wednesday, June 9, at the Shaughnessy 
Hospital, followed by a visit to the Western Rehabilitation Society. In the afternoon the group 
will proceed to Harrison Hot Springs Hotel. 
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ITALY 


ITALIAN SOCIETY OF ORTHOPAEDICS AND TRAUMATOLOGY 
ARRANGEMENTS FOR 1954 CONGRESS 

The thirty-ninth Congress of the Italian Society of Orthopaedics and Traumatology will be 
held in Naples during the middle third of October 1954. The president of the Congress is Professor 
Pasquale Del Torto. 

The main subject for discussion is osteochondritis. It will be considered in three parts: 
1) General features, classification, etiology and pathogenesis—opened by Professor C. Casuccio (Bari). 
2) Pathological anatomy, clinical aspects and radiology—opened by Professor A. Recine (Rome). 
3) Treatment and results—opened by Professor M. Paltrinieri (Pisa). 

Members are invited to submit the titles of their communications by July 10, 1954, so that 
the programme may be prepared in good time. A brief summary of each paper should also be 
submitted to the president. Discussion will be encouraged and it is hoped that many members 
will take part in it. 


AUSTRIA 
AUSTRIAN ORTHOPAEDIC SOCIETY 


At a meeting of the Austrian Orthopaedic Society in December 1952 Professor P. Erlacher 
was re-elected president. Professors S. Colombani (Cortina D’Ampezzo, Italy) and A. N. Witt 
(Bad Télz, Germany) were elected as corresponding members. At the scientific meeting problems 
of operative and conservative orthopaedics were discussed. Papers were read on orthopaedic 
shoes, and on mechanical tests of the acrylic prosthesis of the hip. 

In March 1953 a meeting was held together with the Society of Physical Medicine. Paralysis 
and its treatment were discussed. 

In June 1953 a joint meeting was held with the Society of Traumatology and the Society of 
Physical Medicine at Tobelbad near Graz. Problems and results of rehabilitation were discussed 
by Austrian as well as foreign speakers, and films were shown. 

The annual meeting of the German Orthopaedic Society will take place at Salzburg in 
September 1954. Professor Erlacher will be in the chair. 
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TUMORS OF BONE. Annals of Roentgenology, Volume XXI. By Bradley L. CoLry, M.D., 
F.A.C.S., Attending Surgeon, Bone Service, Memorial Center for Cancer and Allied Diseases, 
Associate Professor of Clinical Surgery, Cornell University Medical College, New York; and Norman 
LL. HiGINBoTHAM, M.D., C.M., F.A.C.S., Associate Attending Surgeon, Bone Service, Memorial 
Center for Cancer and Allied Diseases, Assistant Professor of Clinical Surgery, Cornell University 
Medical College, New York. 10$x8 in. Pp. v+216, with 172 figures. Index. 1953. London, 
Toronto, Melbourne, Sydney and Wellington: Cassell and Company Limited. Price 75s. 


In this beautifully produced radiographic atlas two outstanding authorities in the English- 
speaking world on this subject have assembled a collection of clinical and radiographic ‘‘ pictures ”’ 
characteristic of the various categories of malignant and simple tumours of bone. The authors 
do not underestimate the importance of the histological picture in the triad of evidence on which 
a final diagnosis is usually based. They make the wise practical pronouncement, however, that 
when the biopsy findings are inconclusive a decision as to the nature of the tumour and its 
appropriate treatment must be made on clinical and radiographic evidence alone. With this 
opinion few surgeons with a large experience in this field of malignant disease will disagree. 
Nevertheless the fundamental characteristic of a malignant bone tumour is the tumour cell and 
the way it behaves; the reaction of the skeletal host tissue is epiphenomenal, and the reaction 
patterns of bone are limited in number. 

This superb atlas would thus have been even more informative as a work of reference if, 
wherever possible, the description of each individual tumour had included not only a photograph 
of the amputated specimen, but a photomicrograph of its predominent cytology. This would 
have been particularly helpful in the atypical tumours of the osteogenic sarcoma group, of which 
a few examples are included. Thus, for instance, the first tumour depicted in the atlas presents 
to the reader an uncommon anatomical type of osteogenic sarcoma, namely the medullary 
spindle-cell type. For the expert this is no doubt an appropriate opening; it emphasises at once 
the difficulties in early diagnosis. But the young surgeon with scanty experience has first to learn 
to recognise the make-up of the great majority of tumours which run true to type. This is a minor 
criticism of a monograph which deserves the highest commendation.—Harry PLatt. 


HUMAN LOCOMOTION AND BODY FORM. A Study of Gravity and Man. By Dudley J. 
Morton, M.D., formerly Associate Professor, Department of Anatomy, also Associate Clinical 
Professor, College of Physicians and Surgeons, Columbia University; with the collaboration of 
Dudley Dean FULLER, Associate Professor, Department of Mechanical Engineering, Columbia 
University. 9x6 in. Pp. xii+285, with 82 figures. Index. 1952. London: Bailli¢re, Tindall 
Price 38s. 6d. 


and Cox Ltd. 


The authors open with an account of the particular views on evolution that they favour, 
and then use them to explain how the foot may have become adapted to man’s requirements. 
Next follows an analysis of the dynamics of locomotion, but it is selective and at times insecurely 
based, thus giving an impression of special pleading. Finally there are deductions as to the physical 
and mental significance of the upright posture. The book is most difficult to assess, partly because 
theory and fact are so closely intermingled, and partly because of the difficulty in telling just 
what is its aim. I went through it again and again to seek a message, to find out what it was about, 
but I could not decide if the authors were endeavouring to justify structure by evolution, or if 
they felt that there is still a need to refute those who believe that the Book of Genesis is law, and 
Philip WILEs. 


justify evolution. 
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SURGERY OF TRAUMA. Edited by Warner F. Bowers, Colonel, M.C., U.S.A., Formerly 
Chief Surgical Consultant, Office of the Surgeon General; with forty-one other contributors. 
Forewords by Melvin A. Casberg, M.D., Chairman, Armed Forces Medical Policy Council; and 
Surgeons General of the Army, the Navy and the Air Force. 10} 7} in. Pp. xxv+605, with 
284 figures. Index. 1953. Philadelphia, London, Montreal: J. B. Lippincott Company. Price £6. 


This book called the Surgery of Trauma could have been more aptly called the Surgery of 
Battle Casualties. Edited by Colonel Bowers, it includes contributions from forty-two surgeons 
in the American Armed Forces and was initiated by the Armed Forces Medical Policy Council to 
collect information and conclusions from the treatment of wounds in the second world war. 


The first section deals with the physiological aspects of the management of trauma and 
includes the latest American ideas on the factors in wound healing. The effects of radiation, 
ACTH and cortisone are described. There is a good review of the factors that influence the healing 
of wounds in general and in specialised tissues. The accounts of the effects of radiation, heat and 
cold are sound and up-to-date. In the second section war surgery is discussed under regional 
headings, with much useful detail in handling battle casualties from First Aid to final treatment. 
The section on Military Considerations in Wound Management includes some general remarks and 
an interesting chapter on wound ballistics. Wound shock, burn shock and kidney damage are 
particularly well done. 


Not every authority will agree with all that is written in this book. For instance, most would 
not accept the criteria for ulnar and median nerve damage on page 150, or the views on Bennett’s 
fracture on page 328, or the splinting of fingers in extension for four weeks after repair of extensor 
tendons. The use of the book as a reference authority is spoiled by the absence of a bibliography 
at the end of some chapters, such as those on eye wounds and cranio-cerebral trauma. There is a 
wealth of information in this well illustrated and beautifully produced book.—L. W. PLEWEs. 


INJURIES OF THE SPINAL CORD. Edited by George C. PRATHER, M.D., F.A.C.S., Consulting 
Surgeon for Urology, Boston City Hospital; and Frank H. Mayriecp, M.D., F.A.C.S., Assistant 
Professor of Clinical Surgery, University of Cincinnati, College of Medicine; with seven other 
contributors. 9x6in. Pp. xiv+396, with 125 figures. Index. 1953. Springfield, Illinois: Charles 
C. Thomas, Publisher. Oxford: Blackwell Scientific Publications. Price 63s. 


This is a collective work by nine authors on the many problems of traumatic paraplegia. 
Each section is devoted to one particular problem and is written by an author of wide experience. 
The whole book, however, suffers from the defects which appear so frequently in collective works. 
It is unbalanced. For example, out of 365 pages no less than 140 pages are devoted to the problems 
of the urinary bladder and 60 pages to the problems of nutrition, whereas only 40 pages deal with 
the neurosurgical aspects and 10 suffice for the ‘‘ orthopaedic principles of treatment! ’ 


The chapter on urological aspects is extremely good, giving a clear and concise account of 
modern views on the treatment of the paralysed bladder and including an excellent section on 
the physiology of micturition. The chapter on nutrition is full of interest though it is difficult to 
understand what is the particular connection with paraplegia since the metabolic changes so well 
described occur after all types of injury. Nevertheless, this very full account will be of interest 
to all surgeons dealing with injuries. It is also pleasant to see the important pioneer work of 
Cuthbertson in this field so generously recognised. The chapters on “‘ neurosurgical aspects and 
orthopaedic principles "’ are frankly disappointing. There is little information to be gained from 
them beyond that already available in the standard text-books. Neither the cord injury nor the 
vertebral injury is fully discussed. Probably the most difficult problem of all—whether or not 
the cord should be explored—is hardly discussed at all, whilst it is a little surprising to read that 
“the immediate treatment of spinal fractures with or without cord injury is so well established 
that it needs little more than passing mention.”’ 


In spite of the criticisms the book is well worth reading by all who are faced with the treatment 
of these difficult cases. For those wishing to probe deeper there is, with most chapters, a very 
full bibliography.—Frank HoL_pswortTu. 
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HOMBRO DOLOROSO (THE PAINFUL SHOULDER). By Carlos E. de ANguin, University 
of Cordoba, Argentina. 9} 6} in. Pp. 346, with 113 figures. Index. 1953. Cordoba (R.A.): 
Lutz, Ferrando y Cia, S.A. 


The literature of the painful shoulder has been increased by a new contribution, this time 
from Argentina. This monograph is based on the study of 157 cases from the Orthopaedic and 
Traumatological Service of the Military Hospital, Cordoba, and includes an extensive review of 
the literature, particularly that of the United States of America, but does not exclude a good number 
of references to the British and French contributions. The classification adopted in the analysis 
follows in its main lines that of Codman and De Palma. As in the majority of recent works, 
emphasis is placed on tendinitis of the long head of the biceps in the production of painful and 
frozen shoulders, but a detailed account is included of the supraspinatus syndrome and subdeltoid 
bursitis. Visualisation of the joint by injection of contrast material is recommended and about 
fifty of the patients have had arthrograms. Some extrinsic causes of shoulder pain are studied, 
particularly those due to changes in the cervical vertebral column. Reference is made to the 
cervical rib and scalene syndromes, but there is no detailed description of surgical methods, this 
being more a book to help in the diagnosis and general management of the patients than a work 
on surgical techniques. Although much is not new, the book is worth reading and, with that of 
Merchan Gonzalez (see review in this Journal, 1952, 34—B, 338), is among the best in Spanish.— 
J. TRUETA. 


SHOULDER LESIONS. By H. F. MoseE.ey, D.M., M.Ch. (Oxon), F.R.C.S., F.A.C.S., Hunterian 
Professor, Royal College of Surgeons of England; Assistant Professor of Surgery, McGill University ; 
Associate Surgeon, Royal Victoria Hospital, Montreal. With contributions by Francis L. 
McNaughton, M.S., M.D., Carleton B. Peirce, M.Sc., M.D., F.A.C.P., and Jean Bouchard, M.D., 
D.M.R.E., Royal Victoria Hospital, Montreal. Second edition. 10$x8$ in. Pp. 329, with 216 
figures and 41 colour plates by Helen MacArthur, B.A. Index. 1953. London, Toronto, Melbourne, 
Sydney and Wellington: Cassell and Company Limited. Price 90s. 


Proper understanding of diseases and disorders has been slower of achievement at the shoulder 
than at almost any other site in the body, and even now, in spite of an accelerating volume of 
publications, several problems remain but little understood. Dr Moseley has made the shoulder 
his particular field, and the first edition of his book published in 1947 was welcomed, not so much 
because of its original contributions, but because of the orderly presentation of material carefully 
selected from the great mass of undigested (and often indigestible) literature. It was an intelligent 
selection based on his personal experience, and so ably was it made that he has not had to contradict 
in the second edition any important statement made in the first. The second edition is in every 
way a more mature and balanced contribution. The same plan of presentation has been retained, 
and, although two new chapters have been added, he has wisely avoided producing a mere catalogue 
of present knowledge on all aspects of shoulder lesions. Injuries and diseases of the rotator cuff, 
and injuries of the bones composing the shoulder are covered comprehensively; but the approach 
to the problem of the stiff and painful shoulder is very cautious, and so it must remain until 
more is known. 

The publishers have produced a magnificent volume containing twenty-seven really beautiful 
pages of colour, mostly anatomical illustrations, which will be the envy of many authors. But the 
book weighs more than 3 lb. and is most awkward to read. If the layout had been a little less 
extravagant, and if the number of the illustrations were somewhat smaller, there would have been 
a welcome saving both to the reader’s muscles and to his pocket.—Philip WILEs. 


SEHNENVERLETZUNGEN UND SEHNEN-MUSKEL-TRANSPLANTATIONEN. By A. N. 
Witt. 107 in. Pp. viii+ 164, with 122 figures. Index. 1953. Munich: Verlag Von J. F. Bergmann. 
Price DM. 32.80. 


This monograph is very well produced with excellent and numerous illustrations, both clear 
line drawings of operative techniques and good clinical photographs, which are taken against a 
uniform black ground and have none of the distracting pieces of furniture which spoil many medical 
illustrations. The author’s style is clear though, of course, there is a spate of many-syllabled words 
inseparable from German writings. 
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The book will provide a useful reference for young surgeons, as it has ten pages of bibliography 
from sources all over the world, though chiefly Teutonic, in addition to numerous paragraphs of 
small print interposed in the text with descriptions and very balanced criticisms of operative 
techniques. 

The first eight pages are devoted to the history and physiology of tendon repair and it may 
surprise some surgeons to learn that Lanfranc in William the Conqueror’s day and other later 
medieval clergy dabbled in the subject, though, naturally, till the advent of asepsis success was 
hardly to be expected because of the extreme susceptibility of tendons and their adjacent structures 
to sepsis. Eighty pages are devoted to tendon injuries and repair and sixty-two to transplantations 
for replacement of irreparably injured or paralysed muscles. Each section opens with several pages 
devoted to general considerations, common to all regions, and then individual muscles are dealt 
with in turn, beginning with the upper limb. In the transplantation section facial and trunk 
transplants are considered briefly. 

In dealing with the lower limb, the author has abandoned the earlier Teutonic faith in purely 
transplant operations, often very elaborate, and follows Anglo-Saxon tendencies in recommending 
stabilising procedures on one or more tarsal joints first, which he usually supplements by additional 
transplants at the same time. He does not seem to find it necessary to deal with the inner side 
of the midtarsal region, and does not refer to the importance of displacing the foot backwards in 
cases of complete foot drop, especially when no active tendon is available to replace the paralysed 


Figures 21-26—Types of supraspinatus lesion. 


dorsiflexors. In poliomyelitis, he warns against too great a trust in unparalysed muscles, which 
may not have the reserve capacity to hypertrophy possessed by the normal muscles available in 
cases of a single peripheral nerve lesion. 

The author condemns also attempted reconstruction of tendon sheaths from fascia or foreign 
material; he finds, as Stiles pointed out during the first world war, that subcutaneous fat makes 
the best bed for any tendon that has to be removed or repaired. The author advises fat-grafts to 
be placed under a tendon if it must be laid on bare or projecting bone. 

In the upper limb, the author condemns the use of the pronator radii teres to replace the 
wrist dorsiflexors, which gave such good results in the hands of British surgeons, and he recommends 
the technique of Perthes, namely use of the three wrist dorsiflexors as slings to hold the wrist in 
very slight extension, the three wrist flexors being transplanted to the thumb and finger extensors. 
He says this procedure enables a man to withstand very heavy manual work. It eliminates, however, 
any possibility of delayed spontaneous recovery of the wrist muscles, which often surprisingly 
supplemented the Jones transplant with excellent results. 

The author pays tribute to the wonderful functional results which have been obtained in 
paralysis of the intrinsic muscles of the hand under the inspiration of Bunnell and his pupils, but 
he attributes the origin of the idea of suturing the sublimis tendons to the extensors to post-mortem 
researches by Nussbaum and ignores the publication by Stiles by 1921 of details of the technique, 
which he spontaneously designed and applied to the living. 

The author continually stresses the need to have free movement of all the relevant joints 
and of supple skin, free from scars, before undertaking any tendon transference—vital points 
which are sometimes overlooked by inexperienced enthusiasts, even nowadays. He stresses also 
the importance of adequate splinting for four to six weeks after the operation in order to avoid 
strain on the suture or fatigue of the muscle in its new course.—M. FORRESTER-BROWN. 
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PROTESES METALICAS E ACRILICAS NAS ARTROPLASTIAS. By Professor F. E. Gopoy 
MorEIRA, Clinica Ortopédica e Traumatologica da Universidade de Sao Paulo. 10$ 7 in. Pp. 132, 
with 65 figures, 17 in colour. 1953. 


I finished reading this book with mixed feelings. On the one hand the impressions and opinion 
of anyone of the status of Godoy Moreira are valuable, and many of the observations and pieces 
of advice he proffers appeal to me as sound and helpful, but on the other hand there is a surfeit 
of radiographs and case reports in the body of the book, a great deal of repetition, and a certain 
lack of clarity in the conclusion. I would put the value of the book higher as a help to the experienced 
orthopaedic surgeon in determining his own attitude than as a guide to the young surgeon wondering 
what to do.—Bryan McFArRLAND. 


THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS INSTRUCTIONAL COURSE 
LECTURES. Volume 10. Editor Charles N. Pease, M.D., Chicago. 119 in. Pp. viii+439, 
with numerous figures. Index. 1953. Ann Arbor, Michigan: J. W. Edwards. Price $12.00 + delivery 
fee 77 cents. A.A.O.S. members allowed 20 per cent discount if order is placed with the publisher. 


Most of us like to acquire our knowledge with the least possible effort. This and the general 
excellence of the contributions no doubt explain the ever increasing popularity of the Instructional 
Courses of the American Academy of Orthopaedic Surgeons. Although this volume contains but 
a selection of the lectures delivered at the 1953 meeting it covers a very wide field, from the basic 
sciences to the history of orthopaedic surgery and from congenital deformities to the effects of 
ionizing radiations on bone and striated muscle. Many of the articles reflect the eminence and 
experience of their authors, none more so than one by Green and Grice on ‘‘ The Surgical Correction 
of the Paralytic Foot.’’ Other articles have probably suffered by transcription, for even the dullest 
subject can be enlivened by the personality of the speaker. There is no doubt that these volumes, 
and the instructional courses on which they are based, are fulfilling an important function in the 
education of American orthopaedic surgeons, and it is unfortunate that they are not known better 
-Roland Barnes. 


in Great Britain. 


ATLAS TYPISCHER RONTGENBILDER VOM NORMALEN MENSCHEN. By Professor Dr 
Rudolf GRASHEY. Revised and enlarged by Dr Rudolf BrrkNER. 10} <8} in. Pp. xv +620, with 
560 figures and 315 radiographs. Index. 1953. Munich and Berlin: Urban & Schwarzenberg. 


London: Lange, Maxwell & Springer Ltd. Price £5. 14s. 6d. 


This volume follows the convention established by the earlier writers in describing procedure 
before the principal subject that is the main motive of the book. Ninety-five pages are devoted 
to the theory and operation of transformers, stabilisers, timing apparatus, x-ray tubes and all the 
special equipment for radiography. It can be doubted whether this is useful effort, particularly 
as so much has been expended. The student of radiology, who might benefit most, obtains this 
information from a text-book or lectures on technique and apparatus construction. The practising 
radiologist, who may or may not understand the text, is able to correct faults in routine work and 
is more interested in new techniques than standard procedure. It is safe to say that the orthopaedic 
surgeon, who will find much to interest him in this book, will begin after page 95. In the following 
chapters the radiological anatomy of each joint is described after eighty-eight pages devoted to 
the skull. 

A diagram shows the radiological technique; this is accompanied by a drawing of the features, 
which are portrayed by a radiograph on the opposite pages. This method has obvious advantages 
to the student and is the general plan that has been adopted for most of the illustrations. These 
are of moderate quality and, although adequate, often fall short of perfection; many have been 
obtained from the skeleton, and these are inferior to those from the living. 

This book has been compiled with great care; the anatomical features and minor variations 
of the normal anatomy are described in considerable detail, and it should serve as a comprehensible 
guide to the student.—F. Campbell GoLpINa. 


VoL. 36 B, No. 2, may 1954 


349 
5 


350 BOOK REVIEWS 


LIVES OF THE FELLOWS OF THE ROYAL COLLEGE OF SURGEONS OF ENGLAND 
1930-1951. By the late Sir D’Arcy Power, K.B.E., F.R.C.S., Honorary Librarian, and continued 
by W. R. Le Fanu, M.A., Librarian. 9} « 6} in. Pp. xii+889. Index. 1953. London: The Royal 
College of Surgeons of England. Price 42s. 


‘How great and good the times are now ’’ was the exclamation of Davies the poet-tramp 
when by happy chance one early summer day “ the rainbow and the cuckoo-song *’ came together 
for his enjoyment. His words seemed to echo in my mind when I found that the brief but brilliant 
biographies which form this latest collection of Lives had their source in the unique association 
of two inspired authors. The Introduction explains that up to the end of October 1940 the late 
Sir D’Arcy Power was responsible and thereafter Mr W. R. Le Fanu was the author and editor. 
I had already browsed here and there with a pleasantly increasing feeling of surprise that anyone 
could have made the subject so succinct and comprehensive and still so palatable. The explanation 
gave me peculiar pleasure, and from his remarks in the Introduction I do not think that Le Fanu 
will feel disparaged if I say that but for his guidance one could not tell which author had written 
which memoirs. They are all informative and satisfying, yet lively and attractive. No dull 
repetitive catalogue of dates and achievements is here recorded, but charming studies are presented, 
so accurate and so vivid that the man himself seems to come to life and to step out of the page 
and to speak to the reader in the same fresh and engaging manner as the portraits in Ruddigore. 

For instance those who knew Rowley Bristow (and who didn’t?) would appreciate ‘‘ Bristow 
was a man of abounding vitality; as a student he had excelled at Association Football, lawn 
tennis and water polo; in later life he found his recreation in shooting, fishing and golf, and was 
a keen player of bridge. He was a good teacher with much humour and humanity, and a hospitable 
man with many friends and a love of good living. He did much to lead the developing speciality 
of Orthopaedics along the best lines.”’ 

Similarly we recognise Hey Groves in ‘“‘ He had inherited a natural aptitude towards mechanical 
devices which led him, a general surgeon, to a particular interest in orthopaedic operations. At 
that time the ‘“‘ carpentry ’’ of fractures held the field; steel plates were screwed to the bone, 


according to the method brilliantly invented a decade earlier by Sir William Arbuthnot Lane who, 
like Groves, was a general surgeon . . . Groves was a man of unbounded energy and ability. He 
was naturally friendly and sociable, and his early experience of poverty no doubt prompted his 


generosity, but also determined his hard-headed will to success . . . His recreations were golf and 
swimming; while his aptitude for mechanics and his ability as a linguist enabled him greatly to 
enjoy motoring on the continent, combining holidays with attendance at medical conferences.”’ 

The College, says Sir Cecil Wakeley, is justly proud of this record. And well it may be. 
Precious as are the many treasures of the Royal College of Surgeons, there are none that can 
surpass the permanent and enduring value of these pictures of our immediate forefathers in Surgery. 
Their qualities are so clearly displayed that their precepts and principles are set up for all time. 
For all time—there is the core of my pleasure in reviewing this book. To-day, when millions sit 
entranced before a silver screen across which flit transient figures leaving nothing to posterity, as 
a monument to impermanence might fitly be carved in smoke, born of hot air and vanishing with 
a gust of laughter, it is encouraging and heartening and hopeful that someone will set to and work 
as Power and Le Fanu have done. How fortunate are we that these two came together. So may 
the living fabric of our College be preserved for us, and for ever. Not only will surgeons of to-day 
and of to-morrow be indebted to the authors for their industry and their devotion, but Medicine 
itself will be the richer for their happy association. It is not unlikely that many of their readers 
may also echo the sentiment ‘‘ How great and good! ’’—Bryan McFARLAnp. 
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After final scraping, ribbon is measured 
and multiple lengths spun into 
raw surgical catgut. 


London Hospital Gatgut 
is manufactured under 
unified control from 
intestine to sterile tube 
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OBTAINABLE FROM ALL LEADING 
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A SPENCER Support 
for the Paraplegic Patient 


This paraplegic patient, aged 25, developed symptoms in 1943 of stiffness in the neck and 
pain in the right hip. Condition was diagnosed as a tumour inside the spinal cord (glio 
Blastoma multiform). The site of the tumour: C.4, 5, and 6. 


First laminectomy was performed 1943 ; a second operation was performed in March 1946. 
X-ray therapy was given in April 1946, September 1946, and December 1946. 


A Spencer Dorso-lumbar Support with rigid bracing at back and front was applied in October 
1946, which enabled the patient to use his special walker for exercise. Abdominal muscles are 
paralysed and aspecial Spencer Abdominal Spring Pad incorporated in his Support has been 
helpful in assisting respiration and relieving symptoms of constipation and indigestion. 
Prognosis is poor but the patient is comfortable so long as he wears the support and does 
not attempt to be too active. Because he is unable to sit erect without high support to his 
back and uplift for his diaphragm and chest, Spencer Designers created the Support (as shown) 
to come up well over the chest to enable the patient to sit up with more comfort. Elastic 
gores at top sides assist in respiration. Special hip pads protect the prominent hip bones. 


For further information write to: 


SPENCER (BANBURY) LTD. 


Consulting Manufacturers of Surgical and Orthopaedic Supports 
SPENCER HOUSE BANBURY OXFORDSHIRE 


Telephone 2265 


Branch Offices : 


LONDON: 2 South Audley Street, W. 1 Telephone : GROsvenor 4292 
MANCHESTER: 38a King Street, 2 Telephone: BLAckfriars 9075 
LIVERPOOL : 79 Church Street, | Telephone : ROYal 4021 
LEEDS: Victoria Buildings, Park Cross Street, | (Opposite Town Hall Steps) Telephone: Leeds 33082 
BRISTOL: 44a Queens Road, 8 Telephone: Bristol 24801 
GLASGOW : 86 St Vincent Street, C.2 Telephone: CENtral 3232 
EDINBURGH : 30a George Street, 2 Telephone : CALedonian 6162 


Trained Spencer Retailer-Fitters resident throughout the Kingdom, name and address of nearest Fitter supplied on request 


Copyright APPLIANCES SUPPLIED UNDER THE NATIONAL HEALTH SERVICE 
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Glassona [‘eather-weight cast 
withstands weight of 19-stone patient 


*Glassona’ Bandages 
are obtainable in the 
following sizes: 3” and 
4” x 4 yards. 


A transverse metatarsal fracture of the right foot 
in a man weighing 19 stones was treated by the 
application of a below-knee plaster cast. 

After 7 days the cast broke down owing to the 
excessive weight of the patient. 

Over a period of 11 weeks four new plaster casts 
were applied and one repaired. No cast was 
strong enough for the patient’s weight. 

The below-knee Glassona cast was applied, and 
the patient discharged to the out-patients’ depart- 
ment. 

The result was satisfactory, the patient returning 
to work wearing only an over-boot without 
walking appliance. The cast was retained for 
7 weeks, needing only repair underneath through 
wear—on removal the fracture was united. 


This actual case 
graphically illustrates 
the exceptional strength 
and toughness of 
Glassona the new 
feather-weight splinting 
material. 


@ Full details of ‘Glassona’ may be obtained from SMITH & NEPHEW LTD., WELWYN 
GARDEN CITY, HERTS., the marketing organisation of T. J. Smith & Nephew Ltd., Hull 
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adjustable 


a Me Laughlin 
the T i Intertiochanterte 
AUpliance 


A NEW IDEAIN TREATING TROCHANTERIC FRACTURES. 


EASIER INSERTION 


Incorporates the advantages of 
nail-plate combination. Permits 
wider selection of nail lengths. 


ADJUSTABLE 


Angular relation of the femoral neck and 
head to the femoral shaft is readily fixed in 
most desirable position. 13 three-degree 
steps are provided between 113 degrees 
and 158 degrees. 


POSITIVE LOCK 


An improved feature over prior designs of 
this appliance. The nail is gripped securely 
by the plate teeth and the set screw. The 
locking collar engages in keyed slots. The 
set screw shaft is squeezed by the locking 
collar. These features prevent loosening of 
the screw or collapse of the angle. 

This improved and strengthened Vitallium 
appliance has been devised for intertro- 
chanteric and subtrochanteric fractures and 
for high femoral osteotomies. 

Regular Vitallium hip nails are used with 
the McLaughlin appliance. The many sur- 
geons who prefer a nail-plate combination 
can now standardize on Vitallium appli- 
ances for all hip fractures—enjoy the ines- 
timable advantage of using the single 
metal, the cobalt-chromium alloy of which 
Vitallium appliances are made, which is 
inert, completely compatible with bone 
and tissue and causes no bone necrosis. 

Vitallium appliances are made by the 
Austenal-devised Microcast @ Process, and 
can be readily identified by their character- 
istic “satin” finish. 


some other Citallium a ipliances— 


Hip Nails * Bone Plates and Screws e Spinal 
Fusion Plates e Fracture Nails ¢ Bile Duct 
Tubes ¢ Blood Vessel Tubes e Skull Plates 


Send for descriptive leaflet No. VS224, giving full 
details of the McLaughlin appliance. eh 


neferen ce 


An Adjustable Internal Fixe 
ation Element for the Hip— 
McLaughlin, H. L., Amer. 
Jour. Surg. LXXIII-2, 
Feb. 1947. 


London Splint Company Limited 
69 Weymouth Street, London, W.! 
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Conn /mproved 
Pneumatic Tourniquet 


Manufactured by Zimmer Orthopaedic Limited 


Sensitive pressure gauge has greater accuracy, FP : Inflation hose is of high 
durability. and “‘leg"’ pressures indicated quality latex rubber. 

on the dial are carefully calculated so as } a 

to produce hemostasis in practically all 


patients—even those with hyper- a a 


tension and obesity. 


Dopp Kit—Unit packs 
compactly into handy 
carrying case. 


Convenient pump 
is "bicycle type— 
durable, nickel 
plated and easily 
operated. 


Inflation bag is 

vulcanized in a 

Aeroplane type safety buckle permits E series of cures— 
quick, secure fastening and quick re- certainly one of the 
lease of circular belt over the infla- : mechanical rubber items 
tion bag. : most difficult to produce. 


London Splint Company Limited 
69 Weymouth Street, London, W.! 


Welbeck 03/8 


xi 


| 
| | 
of 
/ 
\ 
\ 
" 


Bloodless 
revolution 


The introduction of Dextraven”’ has 


made available for the first time a dextran 
solution with controlled optimal molecular 
content which has been referred to as 


> 


“narrow fraction dextran.” It produces rapid 
elevation and prolonged maintenance of blood 
volume and normally ensures that over 50% of the 
dextran administered remains in the circulation after 
24 hours—a longer period than has been possible 
with any previous blood volume restorer. 


* Dextraven”’ is the preparation of choice for the 


restoration of blood volume. The British Encyclo- 
paedia of Medical Practice (Medical Progress, 1952) 
states: “There is little doubt that the narrow 
fraction dextran will revolutionise supportive 
therapy and may be regarded as one of the 
major advances of the year.”—TRULY A 


BLOODLESS REVOLUTION. 


Developed by — research ar 


Benger Laboratories 


BENGER LABORATORIES LIMITED - HOLMES CHAPEL : CHESHIRE - ENGLAND 
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it won’t cut 


This new Desoutter electric power Tool was developed specially to make the removal of 


surgical plastersa fast and safe operation—safe for both patient and operator. Thecircular saw 
does not rotate, it oscillates through an arc only a few degrees wide at about 18,000 strokes 
per minute. This ultra rapid short stroke movement will not cut when it is in contact with 
mobile skin or soft material. But when up against hard materials like plaster it is an 


extremely efficient cutter. Please write for the leaflet which explains the method of use. 


DESOUTTER BROS LTD 
Tel: Colindale 6346 * °Grams;: Despnuco* Hyde* London 
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LOSS OF DETAIL. 


In the HV Intensifying Screen (British 
Patent 540252), the ILFORD Research 
Laboratories have devised a _ screen 
which is considerably faster than the 
ILFORD Standard Intensifying Screen, for 
many years recognised as providing the 
greatest possible speed consistent with a 
high order of definition. By the use of 
a new fluorescent material—barium lead 
sulphate—the increased speed of the HV 
Screen has been obtained without any 
sacrifice in the radiographic rendering of 


detail. 


To 


SPEED RELATIVE 
STANDARD INTENSIFYING SCREENS 
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kVp 
VARIATION OF THE EXTRA SPEED OF 
HV SCREENS WITH KILOVOLTAGE 


ILFORD LIMITED 


intensifying screen ~ 


A NEW FLUORESCENT MATERIAL. 


IMPROVED GONTRAST AT HIGHER KILO- 
VOLTAGES. GREATER MARGIN OF SAFETY FOR THE PATIENT. 
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INCREASED SPEED WITHOUT 


The speed advantage varies according 
to the kilovoltage used, being greatest 
between 80 kVp. and 120 kVp. Over 
this range, a pair of HV Screens is at least 
50°,, faster than a pair of Standard Screens 
and, in addition, the results are superior 
in contrast and clarity since the new 
screens are largely unaffected by scattered 


radiation. 


While HV Screens are thus of outstanding 
value for high-voltage medical work, they 
can also be employed with advantage for 
a considerable range of work at lower 
kilovoltages. By their use, dosage can 
more easily be kept within safe limits 
when extensive investigations are necessary, 
shorter exposures can be given when 
involuntary movement is troublesome, and 
heavy subjects can be examined with 


greater success, 


ILFORD 


LONDON 
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Acrylic Prosthesis Pembury 
All-Metal 


Prosthesis 


Fitzgerald 


All-Metal Moore’s 
Prosthesis All-Metal Prosthesis 


DOWN BROS. and MAYER & PHELPS LTD. 
Surgical Instrument Makers 


Head Office: 92-94 BOROUGH HIGH STREET, LONDON, S.E.1_ Tel.: HOP. 4141 
Showrooms: 32-34 NEW CAVENDISH STREET, LONDON, W.1_ Tel.: WEL. 3764 


and at 70 Grenville Street, TORONTO 


Manufacturers of Bone Surgery Instruments for over 70 years 7 
vig 
j 
All-Metal Prosthesis 
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ORIGINATED BY REMPLOY 


THE TRIPOD 
WALKING STICK 


gives the patient confidence 


This appliance has proved very successful 
in the re-education of geriatric cases 

after leg injuries or operations. 

The firm three-point contact with the 
ground gives remarkable confidence 

to the patient. 

The Stick has also given excellent 
results in the rapid training of children 
requiring assistance, due to physical 
disability, towards walking, or 
re-education in walking. 

Various hospitals carry a stock of 
these Sticks and loan them to patients for 
home use, thus freeing beds more quickly. 


For many elderly persons living at home, 
the Stick is equally helpful. 
Made in a light alloy with felt 
padded handle covered in soft leather. 
In two sizes: 
Adult’s: Height 32” to 37” 
(by adjustment). Weight 2} Ib. 
Child’s: Height 22” to 26” 
(by adjustment). Weight 1} Ib. 


Full details available from Dept. JB 3 
REMPLOY LIMITED (Orthopedic Group) 
18 Ulster Place, London, N.W.1. 


Factories at 4 
Glasgow (Hillington), Bristol (Radnor Rd.), Croydon, Merthyr Tydfil, Bolton, Chesterfield, Gateshea 
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KUNTSCHER 


CLOVERLEAF PINS 


FOR 


LOW ANGLE PINNING 
FEMORAL NECK FRACTURES 


No. 905. Kiintscher Low Angle Pins 
Lengths 5”, 53”, 6", 64° 
Diameters 9 mm., 10 mm. 


Special Sizes to Order 


S.Mo Stainless Steel 


Can be used 
with standard 


Kuntscher instruments 


DR KUNTSCHER, DESIGNER OF THE ORIGINAL 
CLOVERLEAF MEDULLARY NAILS, HAS SUCCESSFULLY 
USED THIS MODIFIED VERSION OF THE NAIL FORLOW 
ANGLE PINNING OF FEMORAL NECK FRACTURES 


Manufactured by 


ORTHOPAEDIC LIMITED 
BRIDGEND GB 
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An Improved 
Fracture Table 


of Modern Desi gn 


Special features include :— 


wy» Improved Foot Pieces mounted on ¥, Body and Head Support 
Ball and Socket Joints. ~ mechanically adjusted, backwards 
and forwards, by hand wheel. 
«», Table Top raised and lowered by ; 
“’ hand wheel operating a concealed Wy Horizontal Extension Bars, now 
screw. ~~ made of heavy square tubes, pro- 
vide easier and safer adjustment. 
By No cross bars to impede surgeon 


and his assistants. 
“Modern Operation Tables”—a 
catalogue showing this and other 


models gladly sent on request. 


@ Dhher TO ‘anal Office: THE OLD MEDICAL SCHOOL PARK ST. LEEDS | 


a 38 WELBECK STREET LONDON WI 
LONDON CAPE TOWN and JOHANNESBURG 


‘Manufacturers of Surgical Instruments, Hospital! Furniture and Sterilizing Equipment 
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OBLIQUE FEMORAL HEADS 


AND ANCILLARY INSTRUMENTS 


ORIGINAL MODELS 
by Drs J. and R. JUDET 


Patented in FRANCE, U.K. and abroad 


Enlarged weight-bearing 
surface 


The angle prevents rotation, 
and pressure forces tend to 
equalise 


Almost horizontal 


Cortical bone is retained— 
no additional shaping re- 
quired for recess 


The rounded end of the 

stem allows the take-up 

of any subcapital bone 

absorption i | 4 P Component of body-weight 


in line of weight-bearing 
trabeculae increased 


4 
DRAPIER Reproduction interdite 
(Reproduction forbidden) 


Angled Prosthesis with re- 
duced conical stem for 
narrow femoral necks 


Sole Manufacturers 


in France in U.K, 
DRAPIER LUSTERLITE PRODUCTS LIMITED 
41 Rue de Rivoli, Paris 1 56 Devon Road, Leeds 2 


Also available from our Agents 
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“SCALPEL / 
BLADES 


BBTAINABLE FROM ALL THE LEADING SURGICAL SUPPLY HOUSES. 


Nadel in SHEFFIELD ENGLAND by the PARAGON RAZOR CO. 
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Continuing 


ya proud tradition 


Individual construction by skilled crafts- 
men who take a pride in their contribution 
to humanity .. . a supply and after- 
sales service second to none... these 

are but two of the ways in which V.E.S.S.A. 
maintain the tradition of an already 
world-famous range of artificial legs. 
Illustrated literature and particulars of 
nearest fitting centre or agent, covering 
all principal cities both in the U.K. and 
overseas, will gladly be supplied on request. 


VOKES 


ERNST 
SCIENTIFIC 
SURGICAL 
APPLIANCES 
LTD. 


(ASubsidiary Company of Vokes Ltd.) 


WORLD LEADERSHIP IN ARTIFICIAL LEGS 


HENLEY PARK, GUILDFORD Telephone: Guildford 62861 
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— it enables the patient 
to be turned easily and 
with little effort from 
the supine to the prone 
position; or vice versa. 


FRAME 


HIS IS AN IDEAL APPARATUS 

for nursing which overcomes the many 
difficult problems presented in cases suffering 
from burns and paralysis; in the post- 
operative treatment of spinal and pelvic 
fracture and spinal fusion, and in any 
instance where it is necessary to maintain the 
patient immobile with an absolute minimum 
of handling. 


A strongly constructed steel framework 
with its special canvas beds gives firm support 
together with comfort for the patient, whilst 
facilities for bed-pan service, urination, and 
drainage are provided. 


The sliding platform below can be used 
as a table top for feeding or reading by the 
patient when lying prone. 


An illustrated informative folder is available, 
on request from the manufacturers. 


THE MEDICAL SUPPLY ASSOCIATION LTD. 
PARK ROYAL ROAD, N.W.10. West End Showrooms, 95 WIMPOLE STREET, W.1 
Telephone: ELGar 4011 (Ten lines) LONDON 


EDINBURGH: 10-13 TEVIOT PLACE SHEFFIELD: 6-12 HOLLY STREET 
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| SERVICE TO THE LIMBLESS 


DESIGN 


In Step With 
Modern Techniques 


of 
Manufacture and Fitting 


Craftsmanship, personal 
service, quality. These are 
the foundations of HANGER 
“Service to the Limbless.’’ 
Over the last forty years 
HANGER has been marching 
in the forefront of develop- 
ment in artificial legs, and 
has been responsible for most 
of the outstanding advances 
in design which have taken 
place during that period. 
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The wealth of experience whichhas == 
been gained in fitting over 100,000 
limbless is incorporated in every 
HANGER leg and ensures that the 
limbless person is being supplied 
with the finest prosthesis which 
modern science can make available. 

It is an undisputed fact that more 
HANGER legs are prescribed than 
those of any other make, sure 
proof of the pre-eminence of the 
HANGER limb in the field of 
prosthetics. 

Literature and any special in- 
formation, together with the 
address of the nearest centre at 
which HANGER “Service to the 
Limbless ’’ can be obtained, will 
be gladly sent on your request. 


j. E HANGER 
AND COMPANY LIMITED 


ROEHAMPTON S.W. 15 
Telephone: Putney 4422/5 
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IN SIX DESIGNS... 


STRONG...INERT... 


Orthopedic Surgeons, who have for years been seek- 
ing practical, ready-made hip prostheses to replace the 
femoral head and neck, will find in the six Vitallium 
hips illustrated here clinically proven prostheses which 
will help to meet their urgent needs. 

Aseptic necrosis, osteoarthritis, ankylosis, ununited 
fractures, fresh fractures in elderly patients, derange- 
ment of the hip joint, and congenital complications are 
some of the indications for the use of a hip prosthesis. 

The Vitallium hips offer a variety in design which 
permits the selection of the type of appliance best 
suited to the patient’s requirements. 


© MOORE TYPE (Self-Locking) HIP 


This prosthesis closely approximates the anatomical aspects 
of the upper femur. A substantial collar and intramedullary 
stem transmit the main stresses to the femoral neck and shaft. 
The trochanteric portion is made thin and wide to prevent 
rotation. It is available in four head diameters. A special Rasp 
is used to prepare the cavity. 


© McBRIDE TYPE (Door Knob) HIP 


A strong and stable appliance with a threaded intramedullary 
shank to provide wide distribution of weight bearing stresses. 
The appliance is screwed into place by rotating it back and 
forth so the self-tapping threads cut their way to a firm seating 
position. A thread-cutting tap is available to prepare the bone. 
The greater trochanter is re-positioned over the hook and se- 
cured with a bone screw. Two head sizes. 


@ F. R. THOMPSON TYPE HIP 


The oval shoulder and stem transmit weight bearing stresses 
to the femoral neck and shaft. Available in a right and a left 
hip style to provide normal anteversion and also in a straight 
style. There are two head diameters in each of the head styles. 
A Rasp is available to facilitate preparation of the medullary 
cavity for close adaptation. 


Limitation of space does not permit full description of the salient 
features of each prosthesis. Write for more detailed information, 
including size data and suggested operating techniques. 
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HIP PROSTHESES 


CLINICALLY PROVEN 


... AND LONG WEARING 


All of these prostheses are a result of careful thought, 
trial and study on the part of the initiating surgeon. 
All have been implanted successfully in a number of 
patients, and their use is recommended in properly 
selected cases. They are strong, well-designed and 
will wear indefinitely. The head portions are smoothly 
polished and (except F) are hollow for lightness. 

The suitability of Vitallium appliances for perma- 
nent implantation has been proven incontrovertably 
through 15 years of use. It is the full confidence in 
Vitallium surgical appliances—in their strength, 
inertness, and absence of unfavorable tissue reaction 
—that has stimulated the demand and the design 
for these Vitallium hip prostheses. 


MODIFIED JUDET TYPE HIP 


A popular strong one-piece appliance. The recessed under- 
part of the head seats firmly over the pre-shaped stump of the 
femoral neck. This takes the main weight-bearing strain. The 
stem penetrates the lateral cortex of the femur, provides 
stability and prevents rotation. Available in two head dia- 
meters and seven nail lengths in each. 


@ J. E. M. THOMSON TYPE (Light Bulb) HIP 


The round head tapers into an oval cone-like neck and then 
into a three-flanged nail stem. The neck follows the shape of the 
inner cortical aspect of the neck of the femur and rests on it. 
The oval neck and the three-flanged stem help provide stabil- 
ity and prevent rotation. One head diameter and stem length. 


© LIPPMANN TYPE HIP 


A rigid, well-balanced intramedullary prosthesis, with broad 

distribution of weight bearing stresses. It is assembled in the ORDER THROUGH YOUR 
patient’s femur during operation. The head portion is free to LER 
rotate on the pivot rod. Muscle pull and weight bearing pre- SURGICAL DEA 
vent dislocation of the head. Two head styles are available in 
the same diameter. One provides a shorter head-neck length. 
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Tools & Equipment for 
Spinal Surgery 


No. 551 Wilson Convex Frame for Spinal 
Surgery. Positions patient with spine in 
flexion and with no pressure on abdomen, 
resulting in less hemorrhage. Adjustable 
during surgery. Operating time is greatly 
reduced. 


No. 877 


Right facet |; . Curved Spinal 

Root rasp and left osteo- || fusion 

etractors facet rasp tome key 

Stainless steel re- with ? 
tractors for spinal 

surgery. Retract depth stop 

nerves without in- ; 
terfering with use These four instruments are for vertebral 


of rongeurs and 
facet fusion. Write for technique 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


fe y 4 
Linvmnev 
Lee 
& 
) 
Hil i 
yf 
No. 875 No. 
7 
Look for the trademark ® 
XXV1 


X A L the “quick-freeze” 


presents immobilizer 


for surgical, x-ray, orthopedic, 
and prosthetic procedures 


The malleable bag mass is shaped around 
the part to be immobilized. Instantly 
evacuated, it becomes a rigid self mold. 


One minute it looks, feels, acts like a limp rubber sandbag. The next, it “freezes” into a 
rockhard mass. What’s happened? 

Simply that all the air has been sucked from the bag. The dense mass, now in vacuo, is compacted 
on all sides by the 15 pounds (approx.) per square inch pressure of the surrounding atmosphere. 
As long as the vacuum is maintained, the FlexiCast stays hard. When the vacuum-release valve 
is tripped it reverts instantly to the flaccid state, freeing the patient. 

FlexiCast has already proven itself invaluable in many procedures where temporary immobilisation 
is required, dispensing with the need for straps, bands, sandbags, and similar restraints. The 
range of four shapes provides quick immobilisation for practically any part of the body. 


SOLE DISTRIBUTOR FOR 


ELECTRONIC & X-RAY APPLICATIONS LTD | 
15-17 PENNANT MEWS, KENSINGTON, LONDON, W.8 r 


Telephone: Fremantle 7744.5. Telegrams: Exal, London 
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FRACTURE TABLES 


GOLDTHWAITE !RONS— NOTE EASE OF CAST APPLICATION 


THE TOWER COMPANY 


0. BOX 3181, SEATTLE 14, WASHINGTON--FIFTH & STEVENS, GENEVA, ILLINOIS 


FRACTURE AND SURGICAL COUIPMENT 


: \ se . ofthefeet. 
: INTERSCAPULAR SUPPORT ALSO EXCLUSIVE WITH TOWER i ‘MODEL 
1700 
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SALT’S SACRO-ILIAC BELT 


Designed by an eminent orthopaedic specialist, this 
Belt is available in styles for ladies and gentlemen. 
Its perfect efficiency is accompanied with complete 
comfort. Rapidly restoring the normal relationship 
of the sacral and iliac bones, it also exerts a beneficial 
effect on the tone of the abdominal viscera. Not the 
least commendable thing about this Belt is the fact 
that it enables the patient to make early resumption 
of normal activities. Further details and Measure/ 
Order forms available to medical people on request. 


Appointments in London — 
1 STANLEY HOUSE 


3-6-7 CHERRY STREET, BIRMINGHAM, 2 


DRAPIER 
41 rue de Rivoli 
PARIS FRANCE 


REDUCTION 


OSTEOSYNTHESIS 


by Coaptors 
Cerclage 
Screwing 
Bolting 


INSTRUMENTATION 
OF Pr. 


DANIS 


LEAFLET N61 ON DEMAND 


A perfect Appliance for its purpose: | 
a 
103 Marylebone High St., London, W.! 
WELBECK 3034 
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Clarks promise freedom from 
all foot troubles caused by footwear, 
if from babyhood none but Clarks shoes 
are worn, fitted by Clarks Footgauge. 


Clarks back this promise with 129 years of 


,. Shoe craftsmanship. They keep it by 
making children’s shoes which are 
based on the natural shape of a 
child's foot ...in different 
widths to each length 

size ... fitted with 
scientific accuracy on a 
special Footgauge for 
tength, for breadth 
and fer girth. 


MADE BY C, & J. CLARK LIMITED 
(WHOLESALE ONLY), STREET, SOMERSET 


N.A.P.T. 


Tuberculosis 
in Childhood 


and Adolescence 


With special reference to the pulmonary forms 
of the dizease by 


F. J. Bently, M.D., F.R.C.P., D.P.H., Senior Physician, 

S. Grzybowski, M.D., M.R.C.P., Senior Registrar, 

High Wood Hospital for Children, Brentwood, Essex, and 

B. Benjamin, B.Sc., F.1.A., formerly Statistician, 
London County Council 


Clothbound 


272 pages, including many tables and 
graphs and 32 pages of radiographs 


@ Based on experience of over one thousand children 
treated and followed up for an average period of over 
six years. A special investigation into the deaths from 
tuberculosis of one hundred unselected cases in London 
children in recent years is also included. The various 
manifestations of the disease in childhood are con- Ded 
sidered from aspects of incidence, diagnosis, prognosis a 
and treatment. 7 


Order now from: 
NATIONAL ASSOCIATION FOR THE 
PREVENTION OF TUBERCULOSIS 


Tavistock House North, Tavistock Square, 
London, W.C. 1 


PROBLEM CORNER 


Education, we are told, is not so much a 


matter of knowing the facts as knowing where 


to find them. In matters of finance, you will 


find ‘the facts’ at the Westminster Bank. Special 


departments exist to advise on overseas trade, 


to help with customers’ Income Tax problems, 


to obtain foreign currency and passports, to 


act as Executor or Trustee, to... But why go 


on? We have said enough to show that, 


= when problems like these arise, the 


simplest thing to do is to leave them in 


the efficient hands of the Westminster Bank. 
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CASSELL 


MEDICAL 


BOOKS 


SHOULDER LESIONS 


H. F. MOSELEY, M.A., D.M., M.CH., F.R.C.S., F.A.C.S. 


A revised and enlarged edition of this comprehensive and authoritative 
reference book on the diagnosis and treatment of diseases and injuries 
of the shoulder. The concise text, combined with a profusion of large- 
scale illustrations, makes vividly clear the anatomy and pathology of 
each lesion discussed, as well as the recommended techniques of repair. 
By focusing attention on the clinical aspects of each problem, avoiding 
theoretical distractions, and making maximum use of illustrations for 
clarity, the author has prepared a monograph that will supply quick, 
accurate help when shoulder problems arise in practice. 


340 pp. Illustrated. 90/- 


37/38 St 


Andrew’s Hill. 


London, E.C. 4 
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for minimal tissue trauma 


ETHICON SUTURE LABORATORIES LTD., BANKHEAD AVENUE, EDINBURGH 
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Hlustrated Catalogue available from Ethicon Suture Laboratories Ltd., Bankhead Avenue, Edinburgh 
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The Journal of Bone and Joint Surgery is the official publication of orthopaedic 
surgeons of the Commonwealth of British Nations and the United States of America, 
and in this respect it represents the science and practice of orthopaedic surgery in the 
English-speaking world; but important orthopaedic contributions are also reported from 
every country in the world, and original articles will be welcomed from any contributor, 
wherever he may live. Facilities for translation wil] be made available. 

We are also anxious to report the Proceedings of Colleges, Universities, Societies and 
Associations in every part of the world in so far as they contribute to the advance of 
orthopaedic surgery. A measure of international sect commana - publication has already 
been achieved and this will be fostered and, we hope, increase 

Manuscripts offered for publication in the British volume oot be addressed to the 
Editor, Journal of Bone and Joint Surgery, 82 Portland Place, London. The Editorial 
Secretary of the Board is at the service of authors, and will assist in any way she can. 
Manuscripts offered for publication in the American volume should be addressed to the 
Editor, Journal of Bone and Joint Surgery, 8 The Fenway, Boston 15, Massachusetts. 
Manuscripts from surgeons in the United States should be submitted to the Boston 
Office, and manuscripts from surgeons in the British Commonwealth should be 
submitted to the London Office; only in special circumstances is this agreement between 
the offices altered. 

Manuscript should be typewritten with double spacing and wide margins. The 
author should keep a carbon copy. The Editorial Board reserves the right to make 
literary corrections. Radiographs should be submitted as reduced or contact prints, 
but accompanied whenever possible by the original x-ray films which will be returned 
in due course. The Editor is anxious to emphasise this point. The quality of reproduction 
can often be greatly improved if authors will be good enough to submit x-ray films as 
well as reduced prints. Photographs, drawings, radiographic prints and films, should be 
numbered and clearly marked with the name of the author. Legends should be furnished 
in separate lists and not put on the back of the originals. Each figure should be referred 
to in the text. 

References to medical literature should be recorded in the text with the name of the 
author and the year of publication in brackets. At the end of the article the list of 
references should be arranged alphabetically, each item including name of author, year 
of publication, title of article, Journal, number of volume, and page reference, thus: 
Ga.uiz, W. E. (1948): Recurrent Dislocation of the Shoulder. Journal of Bone and 
Joint Surgery, 30-B, 6. 

The names of Journals should be given in full; the “‘ World List ” of abbreviations 
is not used. Every bibliography and list of references will be checked by the Editor, 
but much delay will be avoided if authors would be good enough to pay careful 
attention to accuracy. 
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